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ILLUSTRATED, 


In Four PARTS. 


I. An Es8ay on the NATURAL HisTory and Puirosophy of Cours ; 
being the Subſtance of all that has been hitherto publiſhed on that Head. 


II. TaBLes, containing the ELEMENTS of the Theory of a ComerT's, 
MorT1on, (in a PARABOLA Or an ELLiess) with their Nature and Uſe 
explained, | 


III. The Method of conſtructing thi Ozp1T of any Comer, and computing 
its Place therein ; its Latitude and Longitude, as ſeen from the Earth or 
Sun; its Diſtance, Velocity, 3 Length of Tail, and other Parti- 
culars relative thereto. \ 


IV. The Method of- delineating the 151 Path of a Comer in the Hea - 
vens, on the Surface of a Celeſtial Globe; and for drawing the n 
by Protraction with Scale and Compaſſes. 


The whole adapted to, and exemplified in the Orbit of the Cogr 
olf the Year 1682, whoſe Return is now near at Hand. 


By BENJAMIN MARTIN. 
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Sytematis Mundani Compagem nn ita tandem patefecit Newtonus, 
S penitius perſpetandam dedit, ut nec ipſe, fi nunc reviviſceret, Rex Al- 
phonſus vel Simplicitem vel Harmonie Gratiam in ea deſideraret. 


Corxs in Pref, ad Edit. ter. Princip. 
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Pr inted for the AuTHoR, at the Sign of the J. ;ſual-Glaſſes e an 
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PREFACE. 


N the following Treatiſe ] have endeavoured to illuſtrate the Theory 

of Comets, ſo far as 1judged any Thing of that Kind could be de- 

fired or expected by the Public in general. For as the Time is 
drawing near, when that Part of Aſtronomy (which as yet is but dawn- 
ing) may receive great Light and Improvement, or perhaps may be 
advanced to as great Perfection as it is capable of for two or three 
Ages to come; I concluded it would be very acceptable to the junior 
Students in that Science, to have the Theory of thoſe wonderful Motions 
illuſtrated by a practical Solution of the principal Problems relating 
thereto, and applied to that very Comet on which they will ſoon have an 
Opportunity of making tbeir Obſervations, and proving the ſame by 
Experiments. | 


To this Purpoſe T have premiſed as much concerning the natural 


Hiſtory and Philoſophy of Comets as I thought could be of any Die; for 
beſides, what Hevelius, Flamſted, Newton, Halley, and de la Caille 
have ſaid on the Subjett, there is nothing worth relating from others, 
and the Reader has here the Subſlance of all they have deliver d, in Re- 


gard to this particular Head. 


As the Theory of Comets in the Writings of thoſe earned Authors, is 
chiefly ſpeculative and interwoven with ſuch Parts as are extremely dif- 


ficult, I have ſelected that Part only which is uſeful and eaſy io any 


Reader that is but moderately verſed in Trigonometry ;, and to make him 
ready at Cometary Calculations, I have ſupplied him with all the neceſ- 


ſary Tables, and ſhewn bim the Procedure in every Part; be is therefore 


qualified by theſe Means to conſtruct the Orbit of any Comet in the 

Catalogue, and to find its Place, Latitude, Longitude, Diſtance, Mag- 

nitude, &c, when they are in any Parts near the Sun. 
But: 


e 


PR E F A c E. 


But as there are a great Number of curicus Gentlemen (and Ladies too, 

pha may eafily repreſent the vifible Path of a Comet on the Globe ꝛben- 
ever it appears, and find it a moſt ſublime as well as pleaſant Amiſe- 
ment, I have given proper Directions bow to proceed in that Afﬀanr ; 
and as many (not acquainted with the Stars, may not be ſo ready at 
ſtretching a Thread over the Stars to find the Place of "the Comet among 
them, I have contrived a Quadrant that will enable them to obſerve 
the Comet and put it on the Globe without Regard to the Stars at all, 
and that in three or four Minutes of Time; and which is uſed with the ur- 
moſt Eaſe, as I can convince any Gentleman who ſhall PP to me on 
| that Account. Therefore any Perſon poſſeſs d of a Celeſtial Globe may, if 
= be pleaſes, delineate with his cwn Hand the enſuing Comet's Orbit on the 

| Surface of it; and thereby fhew its apparent Place, Latitude, Longi- 

3 tude, Node, length of the Tail, &c. zan nedd 3 
; Then as to the Method of drawing the real Trajectory of the Co- 
met in the Heavens, I have ſbeum not only how that may be eafi 
done by Protraction with Scale and Compaſſes, but have enliven'd the 
Thing, by giving a Specimen of the Praxis adapted to the real Orbit of 
a Comet, and to that very Comet which will next ſalute their Sight. 


no PS 4 > - 
* * 


In the laſt Place 1 bave given the Method of eſtimating tbe Velocity 
of a Comet and its Tail, inſtancing in that enormous and tremendous 
One of 1680. In all otber Reſpects the Print of the Comet I lately 
publiſh'd is ſufficient for the under landing any Thing here advanced, 
together with the Plate at the End of this Book. I have only to add, 
that if a Mathematical Demonſtration of any Propoſitions here ' ad- 
vanced be required, the Reader may meet with it in my Philoſophia 
Britannica, 4which he may conſult at his Leiſure. And alſo that if a 
more accurate or perfect Procedure be required for defining the real 
Path of a Comet in a Rectilineal, Parabolical, or true Elliptical 
Trajectory, to be determined from 4, 5, or 6 Obſervations, either by 
the Method of Interpolation, or Geometrical Inveſtigation, it ill 
be no diſagreeable Taſk, and will be readily perform'd, if I meet with 
52 Encouragement for what I bave bere done in theſe four firſt 
Eſjays. 1 #46 4 | BY | 


London, June 4, 1757. 
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Siculus) by a long Courſe of Obſervations, were ſaid to be able 

to predict the Appearances of Comets; but ſince they are alſo 
ſaid by the Help of the ſame Arts to have prognoſticated Earthquakes 
and Tempeſts, it is paſt all Doubt, that their Knowledge in theſe Mat- 
ters was the Reſult rather of meer aſtrological Calculation, than of any 
aſtronomical Theories of the celeſtial Motions : And the Greeks, who 
were the Conquerors of both thoſe People, ſcarce formed any other Sort 
of Learning amongſt them than this; ſo that it is to the Greeks themſelves 
as the Inventors (and eſpecially the great Hipparchus) that we owe the 
Aſtronomy we have, and which is now improved to ſuch a Height. 
But yet among the Greeks the Opinion of Ariſtatle (who would have 
Comets to be nothing elſe but ſublunary Vapours or airy Meteors) pre- 
vailed ſo far, that this moſt difficult Part of the aſtronomical Science lay 
altogether neglected; for nobody thought it worth their while to take 
notice of, or write about the wandering, uncertain Motions of what 
they eſteemed Vapours floating in the Æther; whence it came to pals, 
that nothing certain concerning the Motion of Comets can be found 


tranſmitted from them to us . 
Dr. Halley's Synopſis Aflironomie Cometice, | 
| B But 


T HE ancient Egyptians and Chaldeans (if we may credit Diodorus 
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But to mention more particularly the Opinion of ſome of the moſt 
eminent Philoſophers among the Ancients concerning Comets, we ſhall 
firſt take notice of what Ariſtotle ſays in his firſt k of Meteors, 
Chap. 6. where we find this Paſſage —Some of the Halians, called 
Pythagoreans, ſay, that a Comet is one of the Planets or wandering 
Stars, but that they do not appear unleſs after a long Time, and are ſeen 
but a ſmall Time, which happens alſo to the Planet Mercury. 
PLUTARCH, in his third Book of philoſophical Opinions, Chap. 2. ſays 
Some of the Pythagoreans ſay, that a Comet is a Star of the Number 
of thoſe which do not conſtantly appear in the Heavens, but in tated . 
Times, having gone through a determinate Circuit, ariſe or appear again. 
SENECA, Book 7. Chap. 3, of his Natural Queſtions, has this Para- 
aph Democritus (the moſt ſubtil of all the Ancients) ſaid, that he 
uſpected that there were ſeveral running Stars, (by which he means the 
Comets) but that he neither determined their Number nor Names, not 
having yet rightly underftood the Courſes of the Five Stars, (that is, the 
five Planets) except the Sun and the Moon. 5 
Again, the ſame Author in the ſame Place ſays, that Apollonius, the 
Myndian, who was very ſkilful in natural Sciences, affirms, that the Co- 
mets were by the Chaldeans reckoned among the Planets: and had their 
Periods or Courſes like them.— Alſo that Apollonius uſed to ſay, that a 
Comet was a Star or celeſtial Body, as the Sun or Moon, but that he 
did not know its Courſe, becauſe it runs thro' higher Parts of the World, 
and then at laſt appears when it comes to the loweſt Part of its Courſe. 
And Seneca himſelf, the moſt ſagacious of all the Ancients, and who 
wrote a Treatiſe expreſly concerning Comets, containing 32 Chapters, 
'gives his Opinion of Comets in the following Words—1I do not think a 
Comet to be ſudden Fire, but one of the eternal Works of Nature, — 
And again he ſays, that there ought to be a Connection (of Obſerva- 
tions) of the former Riſes or Appearances of Comets, becauſe by reaſon 
of their ſeldom appearing, their Courſes cannot yet be underſtood, nei- 
ther can it be diſcovered whether they return or not, or that they ap- 
pear in Order at a ſtated Time. Thus has this Author hinted or 
3 out the ſole and only Method by which this Queſtion can be 
ſolved. | | 
But what ſhews the Penetration (I had almoft ſaid, Preſcience) of 
this Author, in the higheſt Point of Light, is, the following remark- 
able Paſſage (I may och ph ors it a Prophecy) in the 25th Chapter of 
his Book of Comets.—*<* Why ſhould we wonder that the Nature of 


Comets, ſo rare a Spectacle in the World, ſhould not yet be under- 
« ſtood, or their Courſes determined by aſtronomical Theories, _ i 
2 « they 
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ee they go to and return from ſuch prodigious Intervals of Place and 
« Time. It is not yet 1 500 Years ſince the Greeks firſt numbered the 
« Stars and gave them Names; and even now there are many Nations 
« who know not the Reaſon of an Eclipſe of the Sun and Moon, 
« But a Time will come when thoſe Things which are now hid, will 
« at laſt be brought to light by Length of Time and the Diligence of 
« Poſterity. One Age is not ſufficient to make ſuch great Diſcoveries. 
& 4 Time will come when thoſe who come after us will wonder that we were 
te ;onorant of things ſo plain. And in the 26th Chapter he ſays— 
c Somebody will ariſe in Futurity, who will demonſtrate which way the 
« Comets move; why they go ſo far from the reſi of the celeſtial Bodies; 
 * how big, and what ſort of Bodies they are. All theſe Predictions 
have been accurately fulfilled and compleated in Sir Jaac Newton. 

Notwithſtanding, Seneca has ſo clearly diſcourſed on the Nature of 
Comets in that dark Age, yet few of the ſucceeding Aſtronomers were 
of his Opinion, for they generally eſteemed them as Meteors kindled 
in the Air, and deſigned as Preſages or unlucky Omens of ſome diſ- 
aſterous Cataſtrophe that was ſhortly to befal the People or Nations to 
whom they appeared. Nor did Seneca himſelf think fit to ſet down 
thoſe Phenomena of the cometary Motions, by which he was enabled 
to maintain his Opinion, nor the Times of thoſe Appearances which 
might have been of Uſe to Poſterity, in order to the determining theſe 
Things. And indeed, ſays Dr. Halley, upon turning over very many 
Hiſtories of Comets, I find nothing at all that can be of any Service 
in this Affair before the Year 1337, at which Time Nicepborus Gregoras, 
(a Conſtantinopolitan Hiſtorian and Aſtronomer) did pretty accurately de- 
ſcribe the Path of a Comet among the fix'd Stars, but was too lax as to 
the Account of the Time; ſo that this moſt doubtful and uncertain 
Comet only deſerves to begin our Catalogue of Comets for the Sake of 
its appearing, above 400 Years ago. 

It will be in vain to infiſt longer on the Opinions and Notions of the 
Antients concerning Comets, as they knew little or nothing of their Na- 
ture and Uſe; nor indeed on theſe of the Moderns till we come down to 
the very laſt Age, wherein were ſufficient Opportunities of obſerving their 
Phenomena, and learned Men enough to reaſon upon them, of whom 
the principal was Sir 1/aac Newton, from whoſe Diſcoveries and Phi- 
loſophy, joined with thoſe of Dr. Halley, we can gather the following 
Particulars, which contain all that is known in regard to the Nature, 
Philoſophy and Aftronomy of Comets. 

I. That Comets belong to that Kind of Bodies which we 9 
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ly call Planets, and are moved by the ſame Cauſe ; viz. a - fproge#ile 


_ Force in their Orbit, and a central Force toward the Sun; by which 


Means their Motions become regular and uniform, deſcribing about 
the Sun Areas always proportioned to the Time, as the other Pla- 
nets do. 

II. That therefore their Courſe or Path in the Heavens is a Curve, 
and not a right Line, as was always ſuppoſed, before Sir Iſaac's Time, 
by the moſt eminent Philoſophers, as Tycho Brahe, Kepler, Hevelius, 
.. Cartefius, &c. The Curve which they move in is really an Ellipſis, in 
one of whoſe Foci is the Sun. Their Orbits differing in nothing from 
thoſe of the Planets but a greater Degree of Excentricity. 

III. As the Orbit of a Comet is leſs or more excentric, the Di- 
ſtance to which they recede from the Sun, will be in Proportion leſſer 
or greater. And it is found by Obſervation that there is in this reſpect 
a very conſiderable Difference, even ſo great that the Sides of the elliptic 


Orbit in ſome of them degenerate almoſt into right Lines, particularly 1 


that of the Comet 1680. 
IV. Thoſe Comets which go to the greateſt Diſtance from the 


* approach the neareſt to him at their Return; therefore this neareſt 


- Diſtance is very variable; in ſome of them it exceeds the Diſtance of 
the Earth from the Sun, and others approach extremely near that cen- 
tral Body of Fire; in this reſpect, that of the Year 1680, exceeds by 
much all others, and that of 1729, has its Perihelion Diſtance more 
than four times farther from the Sun than the Earth is. 

V. The Periodical Times of the Comets will, on account of the 
different Lengths of their Orbits, likewiſe be very different among 
themſelves, for the ſame Laws govern here as among the Planets, viz. 
that the Squares of the Times which they take to revolve about the 
Sun, is always proportioned to the Cubes of their greateſt Diſtance 
from it. Theſhorteſt Time yet known of a cometary Period is of that 
very Comet which we next expect, which is but 75 Years and a Half at 
the Mean, The longeſt Period is that of 1680, which is not accom- 
pliſhed in leſs than 575 Years. And indeed, theſe two, and one more, 
are all that are yet determined from Obſervation. 

VI. The Diredtion of a Comet's Motion is indeterminate ; for 
they ſteer their Courſes to and from the Sun in any Direction whatever, 
without regard to the Order of the Signs of the Ecliptic or Points of the 
Compaſs. In this they differ widely from other Planets which always 
move from Weſt to Eaſt. But as to the Comets, ſome of them move 

Wo. os 1 that 
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that Way, and others quite the contrary; and accordingly, we ſay, a 
Comet is direct or retrograde in Motion. | 

VII: Another Diſcovery relating to Comets, is, that the Planes 
of their Orbits have al Degrees of Elevation above the Planes of 
the Ecliptic ; whereas thoſe of the Planets are almoſt coincident with 
it. It is obſerved, that ſome of the Comets Orbits have not three De- 
grees of Elevation, and others have nearly 90. 

VIII. The Comets in the Peribelion or neareſt Diſtance from the 
Sun, receive very great Degrees of Heat; and in their. Apbel:a, or 
greateſt Diſtances, they ſuſtain prodigious Degrees of Cold: In which 
Caſe they differ very much from other Planets, whoſe Degree of abſo- 
lute Heat is nearly at all Times the ſame. 

IX. The Comets, when neareſt the Sun, have extreme Degrees 
of Light, and in the remote Part of their Orbits have ſuch 7zota/ 
Darkneſs, of which we can have no Ideas. Which, as well as the 
different Degrees of Heat and Cold, muſt greatly affect the Inhabi- 
tants of thoſe Bodies, if any ſuch there are. 

X. The Velocity of a Comet's Motion is variable in every Part 
of its Orbit; in ſome of which, when neareſt the Sun, it is incredibly 
ſwift, and when at the greateſt Diſtance, inconceivably flow : Whereas 
the Motion of other Planets is nearly equable, or at all Times the 


fame. | ws 
1 XI. The Form of a Comet is different from that of any other 
: Planet; for it conſiſts of a large internal Body which ſhines with re- 


flected Light of the Sun, and often appears of a roundiſh Figure, but 
not always as the reſt of the Planets do. But another Thing in which 
they differ from the. Planets ſtill more is, 

XII. They are all of them encompaſſed with a very large Atmoſphere, 
conſiſting of a certain Kind of fine Matter replete with Clouds and 
Vapours. This 1s uſually called the Head of the Comet, and the den- 
ſer ſhining Body within is called the Nucleus; from which, 

XIII. There generally arifes a large Exbalation in the Form of a 
£9 Beam, or Train of Light, which is uſually called the Tail of the 

omet, 

XIV. The Magni/ude of a Comet is very conſiderable, but un- 
doubtedly variable : Some of them are found by Computation to be 
equal to the Earth itſelf, and that of the Atmoſphere to be ten or 
twelve Times as much in Diameter, and conſequently the Head or 
— 1 of ſuch a Comet muſt be a thouſand Times larger than the 

artn, 

XV. But the Magnitude of the Tail of a Comet is ſtill moſt of all 
ſurpriſing; 
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ſurpriſing; being found by actual Meaſurement to be oftentimes 
thirty or forty Millions of Miles, and ſome of them ſeventy and eighty 
Millions in Length. 


XVI. The Poſition of the Tail is another remarkable Particular, 


being always turned towards the Parts which are oppoſite the Sun, but 
not in a right Line; the extreme Part of the Tail being left a little 


behind towards the Parts left by the Comet, and therefore the Form 
of the Tail muſt be ſomething incurvated. 

XVII. The Denfity of a Comet's Tail is very conſiderable towards 
the Head of the Comet, but gradually lefſens towards the Extremity : 


In the higher Parts of the Tail the lucid Vapour is fo thin as that often- 


times the fix'd Stars are very eaſily ſeen thro' it. 
XVIII. The Number of the Comets is certainly very great; near forty 


| have already been obſerved with ſo much Accuracy as to leave little 


room to doubt that they are all different from each other. And a 
much greater Number ſtill are recorded in Hiſtory. A certain volu- 
minous Author has reckoned no leſs than 415 in Number, to the Year 
1665 incluſive : But tho' the Number be certainly very great, it may 
require many Ages to determine what the Number really is, and on 
this Account they make not only the moſt ſurpriſing but by far the 
moſt confiderable Part of the Solar Syſtem. | 

XIX. The apparent Path or Tract which the Comet appears to 


deſcribe among the fix'd Stars in the Heavens, is nearlycthat of a 
great Circle of the Sphere ; on which Account, if proper Obſerva- 


tions are made during the Time of its Appearance, it will be then an 
eaſy Matter to repreſent the Courſe it takes upon the Surface of the ce- 
leſtial Globe, as we ſhall hereafter ſhew how to perform. 

XX. The apparent Velocity of a Comet will be greater or leſs 
than what it really is, according as the Motion of the Earth con- 


ſpires with or is contrary to that of the Comet; for when the Earth | 


moves the fame Way with the Comet, its Motion will be ſlower, but 
the Coe will appear to move quicker when it moves towards con- 
arts. 5 | 

XXI. As the Comet aſcends and deſcends above and below the 
the Plane of the Earth's Motion, the Tail of many of the Comets, 
when it is in the aſcending or deſcending Node, will ſtrike acroſs the 
Orbit of the Earth, and ſhould ſuch a Node of the Comet be near the 
Earth's Orbit, and within it, there would then be a Poſſibility of the 
Earth's being involved in the denſer Part of that Tail ; but the Proba- 
bility of ſuch. an Event's happening would be very little, as the _ 
| | rbit 
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Orbit is ſo very large, and the ſame Thing may be obſerved with re- 
gard to the reſt of the Planets, 


XXII. As the Comets want a diurnal Parallax, in general, it is a con- 
vincing Proof that they 2 not ſo near the Earth as the Moon, 


whoſe Parallax is very conſiderable. | 

XXIII. But as their annual Parallax is ſufficiently ſenſible, this evi- 
dently proves that they deſcend into the Regions of the Planets, and by 
this Means their Places and Diſtances are eaſily ſubje& to Computation, 
as we ſhall ſhew hereafter. | 

XXIV. In the laſt Place, the Uſe of a Comet is a Subje& of great 
Enquiry, and in'which we can arrive at little more than Conjecture or 
Probability, but of this we ſhall ſay more by and by. 


Theſe are the general Heads concerning Comets: For the Rationale 
or phyſical Cauſes of theſe Phænomena, we ſhall be obliged to have 
Recourſe to the Writings of Sir 1/aac Newton, who hath hitherto ſtood 
the ſole Author of this Philoſophy, without any Competitor worth our 
Notice ; eſpecially as with him we find the moſt celebrated modern 
Philoſophers join in Opinion ; as, Dr. Gregory,. Dr. Pemberton, Mr. 
Maclaurin, Mr, Cotes: and the learned Commentators. on his Princitiæ. 
The Subſtance of whoſe Doctrine is as follows. 

A Comet is a Sort of Planet revolving in an Orbit, which returns 
into itſelf with a perpetual Motion. That the Bodies of Comets are 
fixed and durable like the Bodies of the Planets, for were they nothing 
elſe but the Vapours or Exhalations of the Earth, of the Sun, or of the 
Planets, they would by their Paſſage thro' the Neighbourhood of the 


Sun, have been immediately diſſipated by its Heat. For thus he reaſons 
with reſpect to the Comet, 1680. When that Comet was in the Peri- 
helion, December 8, the Diſtance thereof from the Center of the Sun 


was to the Diſtance of the Earth from the ſame, as about 6 to 1000. 
The Sun's Heat on the Comet at that Time was to the Heat of the Sum- 
mer Sun with us, as 1000000 to 36, or as 28000 to: But the Heat 
of boiling Water is three Times greater than the Heat that dry Earth 
receives from the Summer Sun ; and the Heat of red-hot Iron is about 
three or four Times greater than that of boiling Water ; theretore the 
Heat which dry Earth, on the Comet, whilſt in its Perihelion might 


| have. conceived from the Rays of the Sun, was about 2000 greater than 


the Heat of red-hot Iron. But by ſo fierce a Heat, Vapours and Ex- 


halations, and every volatile Matter muſt have been immediately con- 
fumed and diflipated, 
This 


8 An Essav en tbe NAT UAL HisTory 


This Comet therefore muſt have received an immenſe Heat from 
the Sun, and retain that Heat for an exceeding long Time. For a 
. Globe of Iron of an Inch in Diameter, expoſed red-hot to the open 
Air, will ſcarcely loſe all its Heat in an Hour's Time; but a greater 
Globe would retain its Heat longer-in the Proportion of its Diameter, 
becauſe the Surface (in Proportion to which it is cooled by the Contact 
of the ambient Air) is in that Proportion leſs in reſpect of the Quantity 
of the included hot Matter. And therefore a Globe of red-hot Iron 4 
equal to our Earth, that is, about 40000000 Feet in Diameter, would YU 
ſcarcely cool in an equal Number of Days, or in above 50000 Years, | 
To this Account of Sir Iſaac Newton, we can only add, that ſuch a 
prodigious Degree of Heat muſt neceſſarily prove that the fixed and 
ſolid Parts of a Comet muſt 'be almoſt infinitely more ſo, than any ſuch 
like Parts in our Earth; as it is well known that Gold, one of the moſt 
fixed Bodies with us, will be calcined,'vitrified, and its natural Texture 
intirely altered in the Focus of a large Burning-Glaſs, where the Heat 
is many hundred Times leſs than that which the Comet ſuſtains from 
the Sun. Alſo that fine fluid Matter that conſtitutes the Atmoſphere 
of the Comet, can be by no means like the Atmoſphere of our Earth. 
For were it an elaſtic Medium, and whole Elaſticity was ſubje& to be 
increaſed by Heat like that of Air, it muſt ſoon have been diſſipated by 
the increaſing Heat of the Sun; have left the Nucleus of the Comet 
bare, long before it could have attained to its Perihelion. Therefore 
the fluid and ſolid Parts of a Comet muſt be different from thoſe of a 
Planet. | 
Then with reſpe& to the Tail of a Comet, Sir Jſaac infers, that it is 
nothing elſe but a very fine Vapour, which the Head or Nucleus of the 
Comet emits by its Heat, and that the Magnitude of the Tail depends 
- principally upon the Degree of Heat it receives from the Sun. This is 
evident from Obſervation' ; for, till the Comet comes within a certain 
Diſtance of the Sun, it is not ſeen with any Train at all; as it ap- 
proaches nearer, and the. Heat increaſes, the Tail begins to ariſe and 
grow longer and longer about the Perihelion, and a little Diſtance after, 
it is largeſt of all. Then as the Heat of the Sun decreaſes, the Length 
of the Tail decreaſes alſo, till at laſt no more appears. Therefore the 
Tail of a Comet is cauſed by Heat, and is always proportioned to it. 
Thus alſo the Comets which are neareſt the Sun have generally ſpeak- 
ing the longeſt Tails,. and thoſe which are more remote the ſhorteſt. 
If it ſhould ſeem a Difficulty to any one how thoſe prodigious Tails 
could be ſupplied from the Atmoſphere of a Comet, our Author has 
2 PP * 54 ih. removed 
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removed that Difficulty by a Computation which he had made on the 
expanſive Power or Force of an elaſtic Fluid; ſuch as our Air, which 
is more denſe near the Surface of the Earth, where it is preſſed upon 
by the whole Weight of the Air above, than it is at a Diſtance from 
the Earth, where it has a leſs Weight to compreſs it; the Denſity of 
the Air being always proportioned to the Force which compreſſes it, 
and conſequently the Air will expand itſelf and become more rare in 
proportion as it becomes leſs compreſſed. From hence Sir Iſaac com- 
putes to what Degree of Rarity the Air muſt be expanded according to 
this Rule, at an Height equal to that of the Semidiameter of the Earth, 


( (which is but about 4000 Miles) and he finds that a Globe of ſuch Air 


as we breathe here, which is only one Inch in Diameter, if it were ex- 
panded to a Degree of Rarity which the Air muſt have at the Height 
now mentioned, would fill all the planetary Regions, even to the very 
Sphere of Saturn, and far beyond. Now, fince the Air at a greater 
Height, is ſtill immenſely more rarified ; and the Surface of the Atmo- 
ſpheres of Comets Tails is uſually about ten Times the Diſtance from 
the Center of the Comet, as the Surface of the Comet itſelf, and the 
Tails riſe yet to vaſtly greater Heights; therefore they muſt be exceed- 
ingly rare, and tho' on account of the much denſer Atmoſpheres of Co- 
mets, and the greater Gravitation of their Bodies towards the Sun, as 
well as of the Particles of their Air and Vapours mutually one towards 
another, it may happen that the Air in the celeſtial Spaces, and in 
the Tails of the Comets is not ſo vaſtly rarefied, yet from ſuch a 
Computation it is plain that a very ſmall Quantity of Air and Vapour 
is abundantly ſufficient to produce all the Appearances of the Tails 
of Comets, and that the Tails of Comets are very rare indeed is evi- 
dently proved by the ſhining of Stars thro' them, without the leaſt 
Diminution of their Splendor, | 

The Light reflected from a Comet's Tail is but very little in Com- 
pariſon of what we uſually imagine it to be. Sir Iſaac ſays, it is not 
greater than that of our Air, determined by the Sun-beams let into 
a darkened Room thro' a Hole in the Window- ſhutter, an Inch or 
two in Diameter. This alſo fully appears from viewing the Tail of 
a Comet with a Teleſcope, which always (to the great Difappoint- 
ment of the curious Spectator) appears very faint and languid even 
in the denſer Parts of it, and the extreme Parts of the Tail make no 
Appearance at all thro' a Teleſcope. 

Having thus ſufficiently accounted for the Magnitude and Light of 
a Comet's Tail, the next Thing to be conſidered is the Cauſe of the 


Aſcent of the Tail of a Comet, and alſo the Poſition and Form of it. 
C As 
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As to the Cauſe of the Aſcent of the Tail, Kepler aſcribes it to the 
Rarefaction of the Comet's Atmoſphere by the Heat of the Sun, and 
the impulſive Force of the Sun-beams carrying along with them the 
Matter of the Comet's Tail, which alſo accounts at the ſame time 
for the Direction or Poſition of the Comet's Tail, which is always 
towards thoſe Parts oppoſite to the Sun. That all the Phenomena 
of a Comet's Tail depend upon the Heat of the Sun, is what we have 
before obſerved ; and fince the Nucleus or Body of a Comet is heated 
to that prodigious Degree as has been mentioned, it is but reaſonable 
to ſuppoſe that the Action of the Sun's Light upon thoſe ignited 
Particles of the Comet, and its heated Atmoſphere, ſhould carry them 
away in their own Directions, and ſo cauſe that Appearance of a 
Train of Light, or the blazing Tail of a Comet. We find, when 
we attentively conſider the Nature of Things, that the Particles of 
Light agitate and put all the Parts of Bodies in Motion, particularly 
the Parts of fluid Bodies, and thoſe Parts of Bodies, whether ſolid: 
or fluid, that are ignited, or real fire, evidently loſe their ignited 
Particles, and by Degrees become extinct only by the Action of the 
Sun's Rays. Thus any Fire expoſed to the Sun-beams appears imme- 
diately to be robbed of its ignited Parts; the Flame gradually leflens ; 
the glowing Coal by Degrees becomes extinct, and the whole Fire ſoon 
goes out. Thus the Flame of a Spirit Lamp loſes all its Light in 
the Sun- beams. The denſer Flame of a Candle burns languid in 
the Sun; and many other Phenomena of like Nature we obſerve. 
Nay, ſome Philoſophers who have had the Opportunity of very 
large Burning-glaſſes, four or five Feet in Diameter, have declared, 
that they have rendered this impulfive Force of the Rays of Light 
upon Bodies ſenſible to the Eye, for by ſeveral Experiments which 
they have try'd on light Bodies ſuſpended by a fine Thread, and 
then throwing the denſe Rays of Light near the Focus of the Glaſs, 
upon them, it has manifeſtly put them in Motion, and they have been 
obſerv'd to vibrate backward and forward like a Pendulum : there 
is therefore no Diſpute to be made, that the Parts of Bodies may be 


_  propell'd and carried forward by the Particles of Light in their own 


Direction, and tho' ſuch Effects of the Sun's Rays are very ſmall 
and almoſt inſenſible here with us, where the Parts of Matter are 
very groſs and confin'd in a Denſe Atmoſphere, yet the Caſe is un- 
doubtedly far otherwiſe in thoſe. free Spaces through which the 

Comets move, where ſcarcely any reſiſting Medium can be ſuppoſed, 
and where the Matter of a Comet's Tail is very fine and liable to 

be put in Motion with the leaſt Degree of Force, much n 
| the 
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the prodigious Impetus of a Particle of Light moving with a Velo- 
city not to be expreſs'd or conceiv'd ; agreeable to this notion of the 
Cauſe of the aſcent of a Comet's Tail, we find the general Form of 
the Tail is that of a dilating Vapour growing wider and wider to- 
wards the extreme Parts, eſpecially when they attain to their full 
Degree of Heat and greateſt Magnitude. 

The Tail indeed does not lie in a right Line Direction from the 
Sun, nor can we poſlibly ſuppoſe it ſhould, unleſs it were to move 
in a real Vacuum or empty Space, for tho' the Medium thro' which 
the Comet moves may be exceeding rare and fine, yet ſome de- 
gree of Reſiſtance will ariſe to fo large a moving Body as the Tail 
of a Comet, and the more rare the Tail is, the greater reſiſtance 
it will meet with from the Mediam, therefore the Tail muſt be in 
ſome degree incurvated, or left a little behind the Comet in its Mo- 
tion, ſomewhat like the Flame of a Candle when it is moved gently 
forward thro' the Medium of Air; and hence it is that we ſee all 
the Tails of the Comets deviating from the right Line which paſ- 
ſes through the Sun and the Comet, but moſtly ſo toward the ex- 
treme Part. | 

It remains now to make ſome Enquiry concerning the Uſe of 
Comets and their Tails, and here we muſt pay the higheſt defe- 
rence to the Judgment and Opinion of Sir Jaac Newton, who has 
in the ſtrongeſt Light imaginable repreſented the extenſive Provi- 
dence of the great Author of Nature, who beſides the furniſhing 
this Globe of Earth, and without doubt the reſt of the Planets ſo 
y with every thing Neceſſary for the Support and Conti- 
of the numerous Races of Plants and Animals, they are 
ſtocked with, has over and above provided a numerous Train of Co- 
mets far exceeding the Number of Planets, to rectify continually, 
and reſtore their gradual Decay, which is our Author's Opinion 
concerning them. For ſince the Comets are ſubjet to ſuch une- 
qual Degrees of Heat, being ſometimes burnt with the moſt intenſe 
Degrees of it, at other Times ſcarce receiving any ſenſible Influence 
from the Sun; it can hardly be ſuppos'd they are deſign'd for any 
ſuch conſtant Uſe as the Planets. Now the Tails which they emit, 
like all other Kinds of Vapour, dilate themſelves as they aſcend, 
and by Conſequence are gradually diſpers'd and ſcatter d through all 
the planetary Regions, and thence cannot but be gathered by the 
Planets having a Power to cauſe all Bodies to gravitate towards 
them. Theſe Vapours will be drawn in proceſs of Time into this 


or the other Planets, which happens to act ſtrongeſt upon them. 
C 2 And 
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And by entering the Atmoſpheres of the Earth and other Planets, 
they may well be ſupposd to contribute to the Renovation of the 
Face of Things, in particular to ſupply the diminution cauſed in the 
humid Parts by Vegetation and Putrefaction. For Vegetables are 
nouriſhed by Moiſture, and by Putrefaction are turned in great Part 
into dry Earth; and an earthy Subſtance always ſubſides in fer- 
menting Liquors; by which Means the dry Parts of the Planets 
muſt continually increaſe, and the Fluids diminiſh ; nay, in a ſuffi- 
cient: length of Time be exhauſted, if not ſupply'd by ſome other 
Means. It is farther our great Author's Opinion, that the moſt: 
ſubtile and active Parts of our Air, upon which the Life of Things 
chiefly depends, is deriv'd to us and ſupplied by the Comets. So: 
far are they from portending any Hurt or Miſchief to us, which: 
the natural Fears of Men are fo apt to ſuggeſt from the Appear-- 
ance of any Thing uncommon and aſtoniſhing. | 

Another Uſe of the Comets ſuggeſted by Sir Iſaac Newton, is the- 
following; the Refiſtance which the Comets meet with from the At- 
moſphere of the Sun, and of the Medium of the planetary Regions, 
muſt occaſion a Retardation of their Motion in ſome ſmall degree; 
which may be alſo further promoted by the Attraction of the larger 
Planets, the Conſequence of which will be, that the central Force 
will bring them nearer and nearer the Sun in each Revolu- 
tion, till at length they fall into him, and ſupply Fuel to that 
immenſe Body of Fire. Nay Sir Iſaat has carried this Suppoſition 

ſo far as to ſay, that fixed Stars (or Suns of other Syſtems) that 
had been gradually waſted by Light and Vapours emitted from 
them for a long Time, may be re-kindled by the Comets of their 
Syſtems falling upon them, - and from this freſh- Supply of new 
Fuel, thoſe Old Stars acquiring new Splendor, make thoſe New Stars 
which we often obſerve ſuddenly appear in the Heavens, and ſhine 
with wonderful Brightneſs at firſt, and afterward vaniſh by little and 
little, of which he enumerates many Inſtances. 

Nay further ftill our judicious Author thinks it not unreaſonable 
to imagine that the Exhalations that ariſe from the Sun, the fix'd 
Stars, and the Tails of the Comets may at laſt meet with and fall 
into the Atmoſpheres of the Planets by their Gravity, and there be 
condens'd and -turn'd into Water and humid Spirits ; and from 
thence by a ſlow heat paſs gradually into the Form of Salts, Sul- 
phurs and Tinfures, and Mud and Clay, and Sands, and Stones, 
and Coral, and other Terreſirial Subſtances. 


The 
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The near Approach of ſome Comets to the Earth's Orbit at par- 
ticular Times may afford very good Opportunities of determining 
the Parallax of the Sun, as their Parallaxes are very much larger 
than that of the Sun, in their Perigeums. Dr. Halley ſays, that he 
found by Calculation the Comet of 1680, on November 11 Day, 
1 H. 6“ was not above the Semidiameter of the Sun to the North- 
ward of the Earth's Path, and had the Earth been there then, he 
thinks the Parallax of the Comet would have equalled that of the 
Moon. 

Some other Uſes may be made of the Doctrine of Comets; as 
that they entirely deſtroy the arbitrary Hypotheſis of Cartęſian 
Vortices, by their regular and free Motions in all Directions thro' 
every part of the Heavens; as alſo of the ſo/i4 Orbs in which the 
Planets were ſuppos'd to move by the vain Imagination of igno- 
rant Schoolmen. And laſtly, the Argument againſt the Eternity of 
the Univerſe, drawn from the gradual decay of the Sun, ſtill ſub- 
fiſts and receives new Force from this Theory of the Comets. 

We ſhall not take upon us te ſay how far the Fate of the Plane- 
tary Syſtem may be affected by Comets, nor particularly what may 
happen in proceſs of Time to our Earth, fince among ſuch a Num- 
ber of revolving Comets, with ſuch prodigious Tails attending them 
through the planetary Regions, and moving in all Directions among 
the planetary Orbs, there muſt be ſomething more than common. 
Chance ſuppoſed to guard the Planets from Shocks againſt the Bo- 
dies of Comets and Immerſions into their Tails. It is well known 
to Aſtronomers how near that dreadful Comet of 1680, approach'd to: 
the Earth's Orbit. Alſo the Comets of 1472, 1618, 1684, and 
the Comet which we now expect, with many others, paſs ſo near 
the Orbit of the Earth; that it will not be without Reaſon if our 
Fears and Apprehenſions are conſiderably raiſed thereat * ; nor could 
we have any Satisfaction or Security againſt ſuch alarming Accidents, 
were it not for the Conſideration, that all the Motions of the Uni- 
verſe were at firſt deſigned and produced by a Being of ſufficient- 
Skill to foreſee the moſt diſtant Conſequences ; our Earth has hitherto 
been out of the way when theſe Comets have paſfed by, but it re- 
quires a perfect Knowledge of the Motion of Comets, to be able to; 


_* However the Reader need not be under any needleſs Terror about the Return of 
this Comet; for if it appears before the Beginning of next May, it can do no barm; 
as he may be eaſily convinced by the View of the Comet's Orbit which I publiſhed 
ſome Time ago. | | : 
judge 
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judge if they will always viſit us in ſo inoffenſive a Manner. It 
is not indeed poſſible to ſay how. far the Earth may be affected by 
being involved in the Tail of a Comet, eſpecially in the denſer Part 
near the Atmoſphere, and it is to be preſumed, that we ſhould all be 
willingly excuſed from this Piece of Knowledge by Experiment. 

From this account of Comets, a Reaſon may be aſſigned why 
they are not comprehended within the limits of a Zodiac, as the 
Planets are ; but, being confined to no Bounds, are with various 
Motions diſperſed all over the Heavens, namely, to this Purpoſe, 
That in their Apbelions where their Motions are exceeding flow, re- 
ceding to greater Diſtances one from another, they may ſuffer leſs 
Diſturbance from their mutual Gravitations. And hence it is, that 
the Comets which deſcend the loweſt, and therefore move the ſloweſt 
in their Aphelions, ought alſo to aſcend the higheſt, 

In the next Place, the Reaſon why the Planes of their Motions 
are not in the Planes of the Ecliptic, or any of the planetary Orbits, 
is extremely evident, for had this been the Caſe, it would have been 
impoſſible for the Earth or any of the Planets to have been out of 
the way of the Comets Tails. Nay, the poſſibility of an immediate 
Rencounter or Shock of the Body of a Comet would then have 
been but too frequent, and conſidering how great the Velocity of a 
Comet is at ſuch a Time, the Collifion of two ſuch Bodies muſt ne- 
ceſſarily be deſtructive of each other; nor perhaps could the Inha- 
bitants of Planets long ſurvive thoſe frequent Immerſions in the Tails 
of Comets as they would be liable to in ſuch a Situation. Not to 
mention any thing of the Irregularities and Confufion that muſt 
happen in the Motion of Planets and Comets, if their Orbits were 
all diſpos'd in the ſame Plane. 

From this Theory of the Comets likewiſe we may eaſily ſee the - 
Reaſon why they are ſo very numerous; for wo or three, or a very 
| few Comets, could not anſwer thoſe very great Purpoſes before men- 
tioned. For ſetting afide the conſtant ſupply of Planetary Moiſture 
an Eſtimate of which we cannot properly form, it is well known 
by Experience, that the Fire of the Sun is renewed and recruited 
very frequently; for the Maculz or Spots in the Sun are only the 
Parts burnt out, or a dead Calx without Fire; And theſe Spots after 
many Years Appearance and Increaſe, will oftentimes —_— on a 
ſudden and will not be ſeen again for ſome Vears, whic pony 
ſhews that ſomething has happened to the Sun, by which thaſe 
dark or extinct Parts are re-kindled and burn again afreſh ; * 

| why 
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why may not this ariſe from Comets falling into the Sun? Tho 
I am well aſſured from what I have ſeen, that Nature has provided 
ſome other Means to anſwer this Purpoſe beſides the Bodies of 
Comets. 

Theſe Things premiſed do nearly exhauſt the whole phyſical 
Theory of Comets in general. The Afronomical Principles of a 
Comet's Motion will be too difficult to find a Place here; we ſhall 
therefore refer the Reader for thoſe Things to Dr. Gregory's Ele- 
ments of Aſtronomy, or the Commentators on Sir Jaac Newton's. 
Principia. 


Fig. I. 
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De PrincieLss of Cometary Calculation, and Tass of the 


Elements of the Theory of a Couk r' Motion, with their 
Conſtruttion and Uſe. 


E judge it will be an agreeable Amuſement for our Read- 
ers to be inſtructed in the practical Method of calculating 


the Place and Diſtance of a Comet, both from the Sun and 


the e Earth, together with its Latitude and Longitude in the Ecliptic for 
any given Time during the Comet's Appearance: Eſpecially as this 


will require no more than a common Skill in plain Trigonometry, 


aud nothing of this kind has yet been made public. To this end 


it will be neceſſary to acquaint the Reader with the following 
Things by way of Definition. : 

Let ABPC repreſent the Orbit of the Earth, which is in a ſmall . 
Degree elliptical ; therefore there will be two Points in which the 


Earth will be neareſt and fartheſt from the Sun of all others; the 


firſt is the Point P, where the Earth will be at the leaſt Diſtance 
from the Sun, which Diſtance is oenghed by P'S, and the Point P 
is called the Peribelion. | 

Through the Points P and 8 draw the right Line PSA, then 
will AS be the greateſt Diſtance to which the Earth can 80 from the 
Sun, and the Point A is called the Apbelion. 

Between the Points of neareſt and greateſt Diſtance P and A, 
there will be one Point B, where the Diſtance of the Earth from 
the Sun BS will be a nean between the greateſt and the leaſt. 

This mean Diſtance of the Earth the Aſtronomers always divide 
Into 10000000000 equal Parts, of which Parts they eſtimate every 
ether Diſtance, of which the leaſt Diſtance PS contains 9830800000, - 


and the greateſt Diſtance A contains 10169000000 ; but we uſu- 


ally leave out the five Cyphers, and expreſs thoſe Diſtances by 
98308 and 101690, which have the ſame Ratio to each other as the 
larger Numbers with Cyphers. 

| About 


The PRINCIPLEs of Cometary Calculation. 17 


About the Sun 8 as a Center, with the Diſtance S A, the dotted 
Circle is deſcribed in the: ſame Plane, and divided into 12 equal 
Parts, to which is affix d the Characters of the twelve Signs re- 
ſpectively, as v, v, IT, &c. which Circle is called the Ecliptic, and 
which the Sun apparently deſcribes every Year, for it will be eaſy 
to underſtand that in whatever Part of its Orbit the Earth may be in 
at any time, we ſhall view the Sun in the oppoſite Part of the 
Ecliptic. ; 

It is uſual with Aſtronomers to conſider the Earth as commenc- 
ing its Motion from the remoteſt Point of its Orbit A, and from 
thence to proceed according to the Order of the Signs till it arrives 
to its loweſt Point P, or its Peribelion, from whence it again aſcends 
to the Point A. | | 

When from the Point A it has defcribed any Arch A C, if you 
draw CS, it will contain an Angle ASC, which is called the Ano- 
maly of the Earth's Motion, or oftentimes the Earth's Anomaly. 

In like manner, let AD PE repreſent the Orbit of a Comet, a 
part of which ND will lie above the Plane of the Ecliptic, and 
a the other Part NE AD will lye below, and the Line NSD, which 
3 repreſents the Interſection of the Plane of the Comet's Orbit with 
1 the Plane of the Ecliptic, is called the Line of the Nodes ; and the 

Points N and D are called the Nodes. If the Pofition of the Comet's 
Orbit be ſuch, that the Courſe of the Comet from A to D be ac- 
cording to the Order of the Signs, then the Point D is called the 
aſcending Node of the Comet, becauſe in that Point the Comet 
aſcends above the Plane of the Ecliptic, and the Point N is the de- 
feending Node, as there the Comet deſcends below the ſaid Plane. 
The Sun 8 is always in one Focus of the Ellipſis; and here ſup- 
poſe P and Aare the two Points in which the Comets are neareſt and 
= fartheſt from the Sun, then is P the Peribelion, and PS the Peribe- 
3 lion Diſtance. Alſo 4 is the Aphelion, and 8 A is the Apbelion (or 
greateſt) Diſtance of the Comet. 

Now to apply theſe Things more particularly to Calculations fitted 
to the Comet which is now expected to return, let 8 P & repreſent 
that Part of the Comet's Orbit which is elevated above the Plane of _ 1 
the Ecliptic, as ſhewn in my large Copper-Plate Print of this Comet ; Fig. II. 
alſo let the dotted Line g D & repreſent the Path of the Comet pro- 
jected upon the Plane of the Ecliptic ; let P be the Peribelion, and Q 
the Place of the Comet for any given Time ; from'Q let fall the Per- 

D pendicular 
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pendicular QD on the Plane of the Ecliptic, and draw a . 
dicularly on the Line of Nodes. 

Let A T B repreſent, one half of the Ecliptic or Orbit of the 
Earth; let T be the Place of the Earth in its Orbit at the ſame 
Time that the Comet is at Q, and draw the Lines 8 Q 8 D, QN, 
DN; alſo draw TQ, T D and TS. 

Then will .$Q be the Diſtance of the Comet from the Sun; 
8 D is called the Curtate Diſtance of the Comet in the Plane of 
the Ecliptic; ; QND is the Angle of Inclination of the Comet's Orbit 
to the Plane of the Ecliptic's; QS D is the Hehocentric Latitude of 
the Comet, or that which is ſeen from the Sun. The Angle DSN 
is the Heliocentric Longitude from the Node g; the Angle QT D is 
the Geocentric Latitude of the Comet, or that which is ſeen from the 
Earth; the Angle 8 T D is the Geocentric Longitude of the Comet 
from the Sun; the Angle TS is called the Angle of Commutat:on. 

Theſe are the principal Lines and Angles, which it is neceſſary 
the Reader ſhould be acquainted with, in Order to underſtand and 
practiſe the following Calculations. And as we ſhall make Choice 
for this Purpoſe of the Comet of 1682, and which is now expected, it 
will be neceſſary in the firſt Place, to ſhew the Reaſons why we 
expect its Return, that it may appear we have ſufficient Grounds 
and Reaſons for our Theory and Calculations. To this End we 
muſt conſider what are the Criterions or Proofs of the ſame Comet 
returning, ſo that we may not be liable to. miſtake one for another, 
and they are as follow. | | 


Fir, The Intervals or Periods of Time in which Fu Don ap- 
pears, muſt be among themſelves nearly equal; and determin'd from 
Obſervations : But this Criterion alone will not be ſufficient, - be- 
cauſe different Comets may re appear at equal Intervals of 
Time. Therefore : 

Secondly, The Aſcend'ng Node of the ſame Comet muſt be ob- 
ſerved at each Appearance to have nearly the ſame Place in the E- 
cliptic. In the 

Third Place, it will be neceſſary to find by Obſervation, - that the 
Inclination of the Plane of ſuch a Comet's Orbit ſhould be at each 
Appearance nearly of the ſame Quantity, 

Fourthly, the Place of the Peribelion muſt alſo be found to poſ- 
ſeſs the ſame Part of the Ecliptic nearly. 

Fifthly, the Peribelion Ro mult alſo be very nearly the lame 
at each Return. 


Sixthh, 


— 
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Sixthly, The Time of the Year in which the Peribel:on happens, 


muſt be nearly the ſame in all. 

Seventbly and Laſtly, the ſame Comet returning muſt have always 
the ſame Direction of Motion; if it be direct at one Time, it 
muſt be direct at another. If its Motion be retrograde when it 
firſt appears, it muſt be ſo every Time after. 


Now it will eafily be granted, that if all theſe Criterions are 
ſo found in the Returns of any Comet, for ſeveral Periods ſucceſ- 
ſively, they will neceffarily prove the Comet to be one and the 
ſame ; and farther it muſt be obſerved, that if two or three of thoſe 
Characteriſtics are well obſerved and aſcertained, it may ſtrongly 
be preſumed, that it is the fame Comet that returns, ſince as it is 
eaſy to be obſerved from the following Table of Comets, no Two 
among them all agreed preciſely in any one of the foregoing Cha- 
raters, much leſs can it be ſuppos'd they ſhould agree in any Two 


or more of them. And we may venture to pronounce it an Im- 


poſſibility, that two different Comets ſhould have all thoſe Seven 
different Marks of Identity. | 

If therefore, for the Comet of the Year 1682, we can ſhew that 
moſt of the foregoing Particulars agree to the Comet appeared 
in 1607, and alſo to the Comet that appeared in 1681, and before 
that to other Appearances in 1456, 1380, and 1305, we may then 
moſt certainly conclude, that Comet which made its Appearance in 
all theſe ſeveral Periods, was one and the ſame. Now for the three 
laſt Periods, thoſe Things are found from the Obſervations of Mr. 
Flamſted and Dr. Halley's Computation, from the Obſervations of 
Kepler and Longomontanus, in 1607 ; and thoſe of Apran in 1531, 


and are as in the following Table. 


Flamſted | K epler. Apian. 


0 a> 0 / 70 0 . 1 


The Aſcending Node 8 21 16 goſs 17 40 40| y 15 30 © 
The Inclination of the Orbit 7.09% 17 20 O 

The Place of the Perihelion ? 2 52 45] 1 3 40 139 
The Perihelion Diſtance 58328 — — 57993 
The Time of the Perihelion|Sep. 4d 5h 39, O. 16d 2 1h 44 | Aug.25d 19h o 


From ſuch an Agreement we may fairly conclude, that the Comet 
in each of theſe Years, was the ſame, the Difference which we obſerve 
D 2 in 
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in the Periods; is not ſo great but, that, it may be accounted for 
the different Powers of Gravity, which the Comet might be 

" fected with from the large Planets Jupiter and Saturn, in paſting 
thro' the Syſtem. The Conſequence of which will be an accele- 
rated or retarded Motion of the Comet, and therefore it will be 
impoſſible for the Periods to be exactly equal; and this happens 


to the ſuperior Planets themſelves, for Saturn is often found to 


vary in the Time of his Revolution, ſometimes by the quantity of 
twelve or thirteen Days; no wonder then if the Difference of a 
whole twelve Month be found in the Period of a Comet, where a 
ſmall difference in the attracting Forces will make a very great 
difference in the Times of their Revolution. Tis true, there is a 
difference alſo in the Place of the Node in the Comet of 1682, 
and 1607 ; but in Anſwer to this, it muſt be obſerved, that the pre- 
ceſſion of the Equinoxes was ſomething more than one Degree in 
that Interval of Time, when in reſpect to the fixed Stars, the 
Aphelion of the Comet had moved backward near one half a De- 
gree, and the, Nodes in the mean Time moved forward near two 
Degrees; and as this Comet was Retrograde, its Anbrlion muſt go 


| backward, and its Node forward, forthe ſame'natural Reaſons as thoſe | 


of the Planet move a «contrary way on account of their Motion 
being according to the Order of the Signs; as to the ſmall Degree of 
difference there is obſerved in the Inclination of the Planes, it is 
well known to thoſe who are verſed in the phyſical Part of Aſtro- 
nomy, that a gravitating Force towards the Planet Jupiter, not be- 
ing in the ſame Plane with the Comet, will neceſſarily cauſe a ſmall 
Degree of Deflection towards the Planet, which muſt neceſſarily oc- 
caſion a ſmall Alteration in the Inclination of the Plane of its Or- 
bit. Theſe Things being premiſed, it amounts to a Demonſtration 
that the Comet in the Year 1680, 1607, and 1531, was cer- 
tainly the ſame, and ſince thoſe of 1456, 1380, and 1305, appear'd 
at the ſame Interval of Time, and was obſerved nearly at the ſame 
Times of the Vear, there can remain no Doubt of its being the 
ſame Comet in them all. The Interval or Period conſiſting alter- 
nately of ſeventy frve and ſeventy fix Years; and ſince the Period 
which is now nearly compleated ſince 1682, is that of ſeventy fix 
Vears, it will probably throw the Comet into the Vear 1758, and 
its Return then will confirm the Predictions of Sir Iſaac Newton 
and Dr. Hailey, and be the firſt Inſtance yet known of a Comet's re- 
turning according to a previous Calculation. And therefore —— 

| — | | greatiy 
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ly contribute to ſignalize the preſent Age, and render the Names 
of thoſe-two Engliſbmen famous to the lateſt Poſterity. 

That the Reader may have ſome Idea how exactly the Theory of 
Comets agrees with Obſervations, I ſhall here give a Specimen of 
both in the Comet under Conſideration, viz. of the Longitudes and 
Latitudes deduced from Obſervations, and the ſame reſulting from 
Computation, founded on a Theory of their Motions in a Parabcla ; 
for though the Motion be really in an Ellipſis, yet as ſuch an Ellipſis 


is extremely excentric, the Part which the Comet ' deſcribes about 


the Sun will not ſenſibly differ from a Parabola ; and indeed the Para- 
bola itſelf is only Part of an Elligfs, one of whoſe Focuſes is at an 
infinite Diſtance, and as the Computations in the Curve of a Parabola 
are much eaſier than thoſe in an Ellipſis, and at the ſame Time ſut- _ 
ficiently exact, they are generally preferred by Aſtronomers. 


1 Longitude Differ. off Lat. N Lat. N. — | 


. j computed. Longit. obſerved. cmputed Latitude 
. * | * ] ; 9 2 £ f 75 Ong bs 
. — || — 795 48 * - 
K 18 14 19— 0 4625 49 14125 48 3 — 9 40 
- 24 48 5j+ © 1o[26 11 50120 11 © 10 
29 39 - 3]+ 12126 15 1526 18 1 48 
m 158 23j+ 0 23 
6 32 1004 226 4 35/26 6 37[T 2 2 
S 12 38 19]+ 2 24118 37 278 35 3|- 2 24 
15 35 58]|+ 1 16117 24 5617 24 11— 0 45 


Aug.31 8 21 18 16 20 18 17 30}+ 
Sep. 1 7 33] 20 28 12] 20 29 310A 
4 7 22] 25 29 J{ 25 39 34 
5 732 26 58 20] 26 57 45|— 

8 7 16 29 56 ola 
R 26 lm o 41 36 m o 39 391 — 


1915 11 3715 11 23 — © 14 
2112 22 290˙½ 22 42]}+ © 13 
35111 31 26011 33 34]+ 2 8 
20] 9 25 3i| 9 26 26[+ © 55 

8 49 o o. 2 


0 0 — — — NN O „ 
2 


—— 
A 
— 

0 

* 
eo 


Now when it is conſidered how ſmall theſe Differences are; and 
that ſome of them may ariſe from Obſervation, and in ſome Part 
owing to the irregular Refractions of the Air, not to mention that the 
beſt of our Inſtruments will ſeldom perform to the Preciſeneſs of 
half a Minute or ten Seconds. I ſay when all this is conſidered, it 
will evidently appear, to what great Exactneſs and Perfection the 
Theory of Comets is already arrived, though as yet but in its In- 
fancy. And certain it is that theſe Differences between the obſerved: 
and computed Places of the Comet, are not greater than the Errors 

we 
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we uſually find in the Theories of the Primary Planets, which for 
Ages pait have been cultivated by Aſtronomers. 
= Therefore the Method of Computation, or Cometary Caculus, 

ought now to be propoſed as a Thing not only in itſelf delightful and 
entertaining, but at this Time very nececeſſary, when as many Peo- 
= as poſſible ſhould have it in their Power to confirm and eſtabliſh 
the Theory, by making and comparing together their Obſervations 

| | of the Comet when it ſhall appear; and having made all other neceſ- 

| ſary Preparations for that Purpoſe, they may find the Elements and 

= proper. Numbers to go to work with in the following Tables, to 

which we ſhall ſubjoin their Uſes, and illuſtrate the ſame by proper 
Precepts and. Examples, in a Solution of all the common Problems or- 
Caſes that can occur in this Affair. 
I be firſt; Table will be that of the Amen — of the 
Theory of the principal Comets that have been hitherto obſerved ; 
the firſt Part of which Table, vig. to the Year 1698, was compoſed 
by Dr. Halley, and the remaining Part to the Year 1748 we find in 
M. de la Cuille, fo that the whole Table contains no leſs than 39 Co- 
| mets, ſuppoſing they were all different one from the other. But it 

—_ appears from theſe. Elements,-that three of the Comets therein men- . 

| | tioned, v7z, thoſe of 1682, '1607, and 1531, are undoubtedly the 

- Tame as we have before obſerved. 


1 


Table 


* 


TA BI E I. The Afronomical ET xx rs of the Tuzor of all the { 
Principal Cours to the Year 1698, by Dr. Harry, 


Place of Inclina- Piace | Logarith. | Mean Limes of S | 
> «| the aſcend- | tion of of the Diſtance | of the | pailing the Peri- S8 
g ing Node. the Orbit. Perihelion. of Peri- Perihelionf helion. O. 8 | = 7. | 
EN 8 — — helion. | Diſtance. — 8 5 
5 DJs. D. M. S. D. M. S., S. D. M. 8. | D. H. M. 2 


| 


13370 H 24 21 0132 11 o 8 7 59 o 40566 9,6092360 June 2 6 35 Retrogr. = 
142% 11 46 20] 5 20 oi 15 33 30 5427: | 9.734584] Feb. 28 22 44 Retrogr. 9 
19 25 oi7 56 o 1 39 % 567co 9,2535830 Aug. 24 21 27 Retrogr. | 


1531, 5 
$f IL 20 27 0132/36 o, 21 7 / 50910 9,7068030 Oct. 19 22 5 Direct. 
— pr nnn 1 — 6 
1556 25 42 0132 6 30% 8 50 of 46390 9,6665424] Apr. 21 20 10 (Direc, 
1577 25 52 9/4 32 45 K 9 22 of 18342 9.263447 Ot. 26 18 39 Retrogr. 
1580 % 18 57 20104 40 09 19 5 50] 39628 9,7784 Nov. 28 15 3 Direct. 
1585 8 7 42 30 6 4 o 8 51 o 109358 10, 38850. OR. 7 19 18 Direct. 
' 1590 m 15 30 40029 40 40m 6 54 30 57661 9, 760882 Feb. 8 4 10 Retrogr. | 
1593/R.14 14 15 87 58 om 26 19 of 89113 8.949940 July 18 13 48 Direct. | 
. : 1596/5 12 12 3ol55 12 om, 18 16 © 51293 9,710058| Aug. 10 20 16 Retrogr. | 
| 1607] 8 20 21 f/ 2 of 2 16 ] 58680 |9,768490] Oc. 26 3 44 Netrogr. 
; 1618/1 16 l 0137 34 of 2 14 o] 37975 9.57948 Nov. 8 12 17 Direct. 
4 1652 U 28 10 079 28 oY 28 18 45] 84750 | 9,928140 Nov, 12 15 34 Direct. 
"# 1661|1t 22 30 30132 35 ro 25 58 40] 44851 | 9.651772] Jan. 27 © 4 Direct. 
1 1664 21 14 of21 18 zom 10 41 25 102575 7ʃ1⁰, 1 044] Dec. 4 11 53 Retrogr. 
+ 166m 18 2 076 5 oſu 11 54 30] 10649 9,027 309 April 24 5 23 [Retrogr. 
1672|Vp 27 30 39183 22 10] 16 59 30 69739 9,8434760 Mar. 19 © Direct. 
16770 m 26 49 1079 3 15K 17 37 5| 28059 9,448 May 6 © 43 Retrogr. 
1680 %h 2 2 0 56 , 22 39 37 6124] 7,787106] Dec. 18 o 13 Direct. 
a 1682 8 21 16 zolt7 56 9 2 52 45 58328 9.765877 Sep. 14 7 44 [Retrogr. 
168 z 23 23 083 11 0 u 25 29 30} 56020 [9.748343 July 18 3 © Retrogr. 
1684, + 28 15 o65 48 4o m 28 52 of 96015 [| 9,982339] June 8 10 24 Direct. 
1686/1 20 34 40031 21 40 u 17 © 30 32500 9,5 11883 Sep- 16 14 37 Direct. 
1098] ＋ 27 44 15/1 46 O 0 51 1 63129 9,8396600 Oct. 18 16 52 [Retrogr. | 


The above Table continued to the Year 1748, by M. De La CaiLLE. O. S. | 


4 16990 N 21 45 35/59 20 om 2 31 6| 74400 9.87157 Jan. 13 8 32 ſRetrngr. 
3 170 25 15 4 30 of 18 41 3| 64590 9,8110165 Mar. 13 14 22 Ditect. 
ef 1706 13 11 40055 14 100 12 29 100 42581 9,629218 Jan. 30 4 32 Direct, 
F 70% 8 22 46 35/88 36 oſt 19 54 56] 85974 | 9,934368| Dec. 11 23 39 Direct. 
17180 K 8 43 oſ'zo 20 © N 130 of 102655 10,11 380 Jan. 14 23 48 Retrogr. 
17230T 14 16 ol49g 50 ol 12 52 20] 99865 9.999414 Sep. 27 16 20 [Retrogr. 
17290 10 32 37/6 58 4% 22 40 of4 26141 10,629552] June 25 11 6 Direct. 
| 1737]m 16 22 ol18 20 45] 25 55 of 22283 9.347960, Jan. 30 8 30 Direct. 
5 1739] T 27 25 14155 42 44/95 12 38 40] 67358 9.828388 June 17 10 9 Retrogr. 
4 1742 5 38 29166 59 14m 7 35 13] 76568 9˙8844 Feb. 8 4 48 [Retrogr. 
; 1743 h 18 21 15] 2 19 33/5 2 41 45] 83501 & garnet Jan. 10 20 35, Direct. 
4 1744] 15 46 11147 5 180 17 10 of 222494, 9.347325 Mar. 1 8 13 [Direct. 
N 17472 27 18 50% 6 2000 7 2 of 219851 0 40655 Mar. 3 7 20 [Retrogr. 
174 fm 22 52 15185 27 o'm, 5 © Fol 84057 [9% 24624 Apr. 28 19 35 [Retrogr. 
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The Uſe of this Table the Reader will eaſily perceive is only to 
aſſign the Place of the aſcending Node, the Inclination of the Orbit, 
the Place of the Perihelion in the Ecliptic, the Diſtance of the Comet 
in the Perihelion, the Logarithm of that Diſtance, the equated Time 
of the Comet's being in the Perihelion, and the Direction of the Co- 
met's Motion, all which are previouſly neceſſary to be known for every 
ns! in order to conſtruct the Orbit and calculate its Place 
erein. 42 . 
The next Table neceſſary, is for finding the true Anomaly of a 
Comet, or the Place in its Orbit for any given Time, before or after 
the Time of the Perihelion, in the foregoing Tables. This Table 
conſiſts only of two Columns, one containing the Number of Days 
from the Perihelion in the Parabolic Orbit of a Comet, whoſe Peri- 
helion Diſtance is exactly equal to the mean Diſtance of the Earth 
from the Sun. The other Column contains the true Anomalies in 
ſuch an Orbit, correſponding to thoſe Days reſpectively; by means 
therefore of theſe Numbers we can find the true Anomaly, or Place 
of any other Comet in its Orbit for any given Number of Days from 
the Perihelion, as will appear by the Precept of Problem 111. 


Table 
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| 31 [39 44 4 
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25 


Parabolic Orbit. 


Table II. for calculating the Motions and Places of Comets in a | 


4 


Arp un -. 
uojpyuad 0 


O OO 


| 


21 28 5 45 
22 29 19 25 
23 30 32 16 
24 31 44 17 
25 32 55 27 
26 34 5 45 
27 35 15 1h 
28 36 23 45 
29 37 31 25 
30 38 38 11 


— 


32 40 49 3 


[II II Y 


34 42 56 19 
35 43 58 35 


36 44 59 58 
37 46 © 27 
38 47 o 2 
39 47 58 44 
| 40 48 56 34 


— ——______ 
— — 


54 25 31 
55 17 26 
56 8 31 
56 58 48 


58 37 2 
$9 25 * 
60 12 15 
bo 58 44 
61 44 30 


62 29 32 
63 13 52 
63 57 30 


57 48 18 


64 40 28 
65 22 45 


66 4 23 
66 45 22 
67 26 42 
68 5 27 
68 44 34 


69 23 5 
70 1 1 
70 38 22 
71 15 9, 
71 51 23 


2 4 
73 2 13. 


73 36 51| 


74 10 58 
74 44 34 


—— — 


True 
Anamoly 


—— — 
D. M. 8 
177 52 1 

18 26 30 
78 56 25 
79 25 55 
179 54 59 


1 —— 


180 23 37 


88 [81 19 48 
1 47 18 
90 132 14 25 


82 41 10 


Arp uf q 
tad .. 


wo113y 


4 Anomaly 
ID. M. 8 


True 


80 51 SSI! 


101/86 49 55 
10287 13 2 
10387 35 53 
10487 58 26 
105 88 20 43 


I21 
122 
123 
124 
125 


126 
127 
128 
129 
130 


131 


93 42 37 
94 © 48 
94 18 47 
94 36 34 
94 54 9 
95 11 32 
95 28 44 
95 45 45 
90 2 35 
96 19 14 


96 35 42 


132 
133 


96 52 © 
97 8.7 


| 


134 97 24 4 
135 97 39 51 


136' 97 55 28 
137 98 10 56 
138 98 26 14 
139 98 41 23 
140] 98 56 22 
141 
142 
143 
144 
145 


99 11 13 
99 25 54 
99 40 27 


99 54 50 
100 9 6 


106 88 42 43 
107 89 4 26 
108 89 25 53 
109 89 47 5 
1109 8 1 


111/90 28 42 
11290 49 8 
11391 9 20 
11491 29 17 
17801 49 © 


75 17 40 
75 50 18 
76 22 28 


76 54 9 


[1 25 23 


11692 8 30 
117/92 27 45 
118,942 46 48 
11993 5 37 


153 
793 


120/93 24 13 


100 23 13 
100 37 12 
100 51 2 


101 4 45 
101 18 20 


146 
147 
148 
149 
150 


— 


ep ut u ], 


151 
152 


154 


156 
157 
158 


159 
160 


True 
Anomaly 


D. M. 8. 


103 39 34 
103 51 42 
104 3 44 
104 15 40 
104 27 29 
104 39 13 
104 50 50 
os 1 20 
105 13 45 
105 25 4 


uonyuad aq. 


105 36 17 
105 47 25 
105 58 27 
106 9 23 
106 20 14 


106 30 59 
106 41 39 
106 52 13 
107 2 43 
* 7 


107 23 26 
107 33 40 
107 43 50 
10 33 34 
108 3 54] 
108 13 4g 
108 23 38 
108 33 23 
108 43 5 
108 52 41 


109 2 1: 
109 11 40 
109 21 3 
109 30 22 
109 39 37 


196,109 48 47 
197;109 57 52 
198.110 6 55 
199 110 15 53 


200 110 24 47 


E 


A third 
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A third Table is neceſſary for finding the Decimal Parts of a Day 
as ſuch a Table is not always at Hand, it will be proper to give it 


here. | | 
TAB IL z III. 
I dDecimal Parts 
Hours] of a Day: | 
3 0,0 1666 | 
2 | | 9093333 | 
3 0,125 
4 | 0,16666 
5 [o, 208333 
6 0,25 
7 0,291666 5 
| 0.333333 | 11 45 
9 J 02373 __ 
10 | +0,416606 | 
e , 453333 
12 o, 


15 0,625 


16-4 "10,660666- | 
17 | 0,708333 
1-2 0,75 = 


19 0,7916666 
| 20 | 0833333 | 
21 0,875, | | 4 
| 22 0,9166 66 4 
[__23 -| 0,958333 


As in all Aſtronomical Calculations it is neceſſary to find the Place 
of the Earth and Sun, ſo here the true Place of the Earth in its Or- 
bit, and the apparent Place of the Sun in the Ecliptic, will be neceſ- 
ſary to be known, before we can find the Latitude and Diſtance of a 
Comet from the Earth, therefore the following Table of the mean 
Motion of the Sun, for any given Year, Month, Day, Hour, Minute, 
and Second, will be requiſite, and its Uſe will be ſufficiently exem- 
plified in the Solution of the firft Problem. 


TABLE 
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TasLE IV. The Mean Motion of the Sun, Se. 


[The Mano. The Mean | 
tion. of the [Motion of the] The Pre- | The Mean Motion 
< > Sun from the | Earth's Peri- ceſſion of of the Sun for 
25 Vernal Equi- | helion-from Equinoxes. Months. 
2 nox. the Equinox. 
$. „„ Ss. 6 G0 eie 
1 9 0753 3 % 03.30 5 9 © [January o o 59 8 
1301 9 19 13 9 3 4 533 30| 26 29 20 [February 1 On 32 27 
1581 9 1949 26 [3.6 © 10] 27 16 20 March 129 8 20 
1601 9 1950 30 [3 6 16 go 27 32 40 April 2 29 41 38 
1621, 9 20 % 34 | 3 6 33 30] 27 49 20 [May 3 29 15 48 
1641 9 20 16 38 |3 6 5010|28 6 © 5 4 29 40 6 
[1661 9 20 25 42 |3 7 610] 28 22 40 uly 5 29 23 16 
1581 9 20 34 463 7 23 39| 28 39 20 Augut 7 29 56 34 
17011 9 20 43 50; 7 4910] 28 56 © September 8 oo 29 52 
17210 9 20 52 54 | 3 7 56 50 29 12 40 [October 9 0 4 2 
1741! 9 21 01 58 | 3 8 13 30 29 29 20 [November 10 00 37 20 
1701 9 21 11 2|3 8 30 10| 29 46 © [December 11 00 11 30 
[1781 9 21 20 63 8 46 50 30 2 40 . 
1801 9 21 29 11 | 3 9 3 301 30 19 20 
Mean Motion | FI Mean Motion H. | | 
2 of the Sun Glen! 2 ſor Days f M + of — 2 5 of 
3 5 compleat Vears | I © , ac 8 „ me „ i unn 
S8. + r||j|o o 59 8010 2 28 310 1 16 23 
20 158 17 [o 2ſ0 4 56 3201 18 51 
x [11 29 45 49 || 3] 257 25 [% 31? 7 24 [33] 1 21 19 
2 11 29 31 20 4% 356 33 [rj 419 9 51134 1.73 97 
311 29 17 05 455 42 J! 510 12 2912 
410 o 14860 554 50 [614 47 13 1 28 42 
5 |11 29 47 287 653 58 . 7] 0 17 1537] 1 31 10 
6 |11 29 33 8||8o 753 7 [1]|819 19 43] 1 33 38 
7 11 29 18 4890 852 15 [1] | 22 11 136 6 
80 o 3 36 | 0% 9 51 23 11100 0 24 38 [40] 1 38 34 
g |11 29 49 16 | |11]o 10 50 32 | 2| [11] 27 6 [41] 1 41 2 
10 [11 29 34 57 | [1210 11 49 40 | 2| [12] 29 34 42] 1 43 30 
11 11 29 20 17 | [13/0 12 48 48 | 2| [13] 32 2 [43] 1 45 57 
i2|o o 5 26 4% 13 47 57 [ [1440 34 39 [44/1 48 25 
13 [11 29 51 6| [15/0 14 47 5 |2| |15]0 39 58 [45] 1. 59 33 
14 [11 29 36 46 | [16/0 15 46 13 | 2 1610 39 25 46] 1 53 21 
15 11 29 22 26 | [1710 16 45 22 |2| [1710 4 53147] 1 55 49 
10 0 0 7 14 | [18]0 17 44 30 n 48] 1 58 16 
17 [11 29 52 54190 18 43 38 | 3] [19] © % 491492 2 #4 
18 11 29 38 34 | 20. 19 42 47 | 3] [<0 49 17] 2 322 
19 {11 29 24 14 | [#110 20 41 55 13 21]o 51 451351] 2 5 42 
20 0 © 9 4 22% 21 41 33] [210 54 13167 0 36 
40 0 0 18 8 | |23]o 22 40 123/230 5 40 [53] 2 10 36 
60 | © © 27 12 24/0 23 39 20 | 3} [24/0 59 8642 13 3 
80 o © 35 16 '23]0 24 38 28 3] j25|1 3655“ 2 15 31 
ico} o © 45 20 2610 25 37 37 [4 261 4 4159] 2 17 59 
200 O 1 30 41 27% 26 36 45 [4/71 6 32712 22 27 
300 O 2 16 1| 2800 27 35 53 [4] |?8]1 9 o [58] 2 22 55 
400 O 3 122 290 2835 2 |4| |29]1 17 27159 2 35 23 
500 [0 3 46 42 | 30% 2934 19 4 * nne 
| 1000 [0 7 33 25 | 3111 0033 18 [4 | 


8 we Phibeirits Gn Caltulatith, 
N. B. In Ling Yeat, after Febjuay, add a Day to the given Time, 
and with.je the Motion For a Day. Ale in all Compatatiobs after 
the end of Year 1952, you muſt deduct eleven Days from the 
given Time, by reaſon of the New Style. 


After the Mean Anomaly, or Motion of the Earth is obtained from 
Table IV. another Table will be neceffary to give the true Place 
of the Earth in its Orbit, containing ſuch Numbers as are uſually 
called the Equation of the Earth's Orbit, and while the Earth is goin 
from the Aphelion to the Petihelion, theſe Numbers which Laws 
pond to the given Sign and Degree of the Earth's mean Anomaly 
are tobe ſubſtracted from the faid Anomally ; but in the other half 
Part of the Orbit they are to be added to it, and the Difference in one 
Caſe, and the Sum in the other will give the true Place of the Earth 
in its Orbit, as in the Examples of Problem the firſt, 


TABLE 


8 V 4 % 
e % en d 
* 8 _ 7 wb 2 3 
"ES. . 8 — T 2 y 1 * wy 4 


| 
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bt TABLE V. The EquaTioN of the Ears OnBIT. | 
Subſtract 
LE 
e e ee ee . ad 
— — ” 8 v 11977 EEA jay; | 
oo o 56 56061 39 28/1 56 2001 41 34 0 59 2J 30 
1 0 58 29. 2 24. 56 20. 40 59 a 57 1429 
2 1 © 21/1 41 27]1 56 2001 39 30, © 55 26/28 
1 1 2 31 42 2411 56 17/1 38 26| o 53 37] 27 
4 | 1 3 43|t 43 21]1 56 1311 g7 20] © 51 47] 26 
5 I N 44 15/1 56 4|1 36 17 049 55| 25 | 
| 6 3 2 olt 45 811 55 541 35 1 0 48 3 24 
7 1 8 37% 45 3801 55 42/1 33 49] © 46 10, 23 
8 1 10 13|1 46 47/1 55 2801 32 360 0 44 16/22 
9 1 11 4801 47 33% 55 120 31 20] © 42 21 21 
10 I 13 22% 48 1911 55 831 30 o 40 260 20 
11 1 14 53/1 49 11 54 3211 28 45] o 38 30 19 
12 x 16 24/1 49 421 54 10% 27 25 0 36 32 18 
13 1 17 53/1 30 22/1 53 46jx 26 o 34 34\ 17 | 
14 1 19 22/1 50 591 53 19% 24 39] © 32 36| 16 
15 I 20 491 51 341 52 50/1 23 14] © 30 36| 15 | 
16 | 1 22 1411 52 71 52 1911 21 47] 0 28 g7l 14 
By 1 23 38/0 52 38 1 51 461 20 19/0 26 g7] 13 | 
18 125 01 53 81 51 111 18 480 0 24 36 12 | 
19 1 26 22/1 53 351 50. 3511 17 17] 0 22 34| 11 | 
20 I A 54 IT 15 44 0-20 32] 10 | 
21 1 25 5801 54 231 49 r 100 o 18 30 2 
22 1 30 401 54 441 48 3211 12 34 0 16 28] 8 | 
23 i 31 2901 55 31-47 471 10 57 © 14.26 7 
24 1 32 4201 55 21 1 46 59/1 9 19 © 12 22] 6 
25 r 33 341.55 351 40 1011 7 39 0 10 19] 5 | 
26 1 35 30 85 48.1 45-20]: 5 38 o 8 16} 4 
27 1 36 120 55 59.1 44 4 16-0 6-12] 3 
28 I 37 191 91 43 3ijt 2 32 0 4 8 2 
29 | O 55 11 i 38 24/1 151 42 34] O 48] © 2 4 | 
30 , 0:56 56, 1 39 2811 56 20 41 330 59 30-0 of © 
wo 11 | 10 9 e 6 
SLE: Add 2 


0 The PRINCIPLES f Cometary Calculation. | 
The true Place of the Earth in its Orbit being thus dbtained, it 

will next be neceflary to aſſign the Diſtance of the Earth from the 
Sun; and ſince in Calculations it is neceſſary to work by the Loga- 
rithms of Numbers, therefore this Table exhibits the Logarithms of _ 
the Diſtances of the Earth correſponding to every Degree of Ato- 

| maly ; - the Uſe'o = which is ſufficiently illuſtrated in Problem the 2d, 
and its Conſtr ion very evident from the foregoing Definitions of 

Figure 1. 


283 „ » 
- 


. [T. A B L E VI. "Of eee ſor * Diſtances. of the 
Earth from the Sun. 


- Mean Anomalies of the Barth. 
Sigh 1. 


— 


$007 287 5.005375 


5, 00286 5,00631 3 5.003669 4,999999 [4.996267 [4,993522| 29 
51007284 $,0002491 $1993559] 4:99987914,999 154 14,993459 | 28 
5;007280*5,006184|5,003447[4-999740[4,99 77170. 3.993398 
5.009273 5.006147 5-093 34] 499961 i [4,99593 1 [4,993339 


Sign 4. © 


D 


5.003778 [5,000128 4 996381 4.593588 | 30 


— 


* * 5 0 


—2 — * rag = 


ov ww 


= 


——  —_—_ — — 


8.007 253 


5,007 240 
5.007225 
5.007 208 
5 07 189 


{5007264 |5,006048\5,003220| 4, 9994824, 995822 4,9903282 25 


r. 05977 
5,005004 
5,005829 

8.005753 
$,005675 


— 


5.003105 


5, 02989 
5, 02872 
5002755 
5,0032636 


4.999352 
4.999223 
31 
2. 
37 


4995714 
4.99560 
4.905 501 
$1 4+995 397 
44995294 


4,993226 21 
4.973173 23 
4993122 22 
45953074] 21 
4,9930280 20 


5.007167 
5007 14 
5.007119 
[5 007092 


007062 


— 


55005595 
5005513 
$,005430 
5,005 345 
5,005258 


5,002516| 
5.004396 
5002275 
5.002¹53 
5$,002030 


4.998762 
4.908 581 
4998454 
4,998327 


4,998 200 


4.995193 
4.095094 
4,9904096 
4.904899 
4.994804 


4.992984 
4.992942 1 
4.992903 17 
4.992866 16 
4.992831 


5,007030 
5,006997 
5,00696 1. 
|5,00092 3 


[5,00688 3 


5.805120 
5,005080 
5,004988 
5.00488 5 
5.04801 


5, 01907 


5.001787 
5.001659 


5001534 
5001408 


4.998074 
4997948 
4.997823 
4.997698 
1.997574 


49947 11 
1.994619 
4.994529 
4.994441 
4.994354 


5.006842 
5,0996798 
5.006752 
45. 0624 


5.06602 
5,006; 48 
5.006492 
5506434 


5.006375 


5.006654 


5004705 
5,004607 
5,004508 
5,004408 
5,004 306 


3,001 282 


5,001155 
5,001028 
5,000900 
5.000772 


4997451 
75997329 
4997 207 
4997086 
4.996966 


4.994269 
4.994186 
4994105 
4.994025 
7993947 


4.992670 
4.992652 
4.992636 
4.992022 


5, 04203 


5. 04099 
2003083 


5,003886 
5.00778 


5.000644 


5.000715 


5. oo0384 


5. 00257 


5. ooo 28 


4996847 
4,9967 29 
4.996612 
4. 996406 
4.990381 


4.993871 
4.993798 
4,9937 26 
4.993656 
4.993588 


9 
8 
7 
6 
42992611] 5 
4 
3 
2 
I 
o 


4,9092002 
4992595 
4-992591 
4992599, 
4.992588 


Sign 1. 


Sign 10. Si 


Sipn 8. 


Sien 8. 


Si 


2 


4.992798 14 
4992788 13 
4.992740 12 
4,9927141 
4.092691 


- 1 Mo 


n . 
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Every Thing hitherto ſaid, has been upon a Suppoſition that the 
Motion of a Comet is in a Parabolic Orbit ; but it is well known that 
Orbit is an E/ſipfs ; and leſt our Calculations ſhould be thought de- 
ficient, we ſhall next give Dr. Halley's Table for computing the Place 
of the preſent Comet in its true Elliptic Orbit; and to underſtand the 


Conſtruction thereof, let PB H be the Ellipſis deſcribed about the 


Sun S in the Focus; CP the greater Semi-axis, and C H the lefler 
Semi-axis, PA a Circle circumſcribed about the Ellipſis, P S the 
Diſtance of the Perihelion, and CS the Excentricity of the Orbit ; 
Let the Place of the Comet be in B, from which draw the Ordinate 
B D perpendicular to the Axis, and let this produced meet the Circle 
in A, and draw A P, AS, BP, BS, and in CA make CE = CS, 
and draw E G, perpendicular to CP. Then according to Kepler's 
Law, the Area PS A P will be to the whole Area of the Circle; alſo 
PSB P to the whole Area of the Ellipſis, as the Time in which the 
Comet deſcribes the Arch BP, to the whole periodical Time in 
which the Comet deſcribes the whole Ellipſis. | 
But the area PS AP is made up of the circular Segment A P A 
and the Triangle PSA, the double of which Triangle is PSR AD, 
the Sine of the Angle A C P; but the double of the Segment, is the 
Exceſs of the Arch AP above the Sine AD x CP or Radius. Now 
put the Radius CP=s, and PS = b, and any given Area PASP 
SD a, to find the Line AD = z the Sine of the Anomaly of the Ex- 
centric A CP; now 2 6 is double the Triangle PS A, and by a well 
known Theorem, the circular Arch APS TFE“ + 4; 2 
+5; 2!, &c. Whence the double Area of the Segment PAP will 
be z 2* + e 2% ＋ H 2', &c. And therefore 2 3 = bz -|- 
＋ 2 | 25 E Ar K*, &c. The Root z of this Equation, 
being extracted gives A D, the Sign of the Anomaly A CP, and the 
verſed Sine PD; and if it be made CP to CS as PD to 8 G, then 
P G (equal to S G -|- P'S) will be equal to B S, the Diſtance of the 
Comet from the Sun, And laſtly, let it be made as CP to CH to 
is AD to B D, which will be the Sine to the true Anomaly or Angle 


PSB to the Radius B S. | h 
3 [FFT But 


: The ParhctyLEs' of Cometery Calculation, 
Bat becauſe of the great Difficulty and Labor of extracting the Root of 
8 of the above infinite Series, the Doctor has with great Labour com- 
ſedthe following Table, whichwill give the Angle from the Perihe- 
Bon, or true Anomaly of the Comet, anſwering to the ſeveral Degrees 
6f Anomaly of the Excentric, which is as far as is required for the pre- 
ſent Comet, viz. to 78 Degrees on either Side the Perihelion, as alſo 


the Diſtance of the Comet from the Sun for each reſpective Degree © 


of Anotnaly ; this he has done by computing the mean Motion of the 
Comet for every Degree, and 12 Minutes of the mean Anomaly of 
the Excentric, which mean Motion is only the double Area of the 
mixtilineal Space PASP mentioned above, And fince the longer 
Axis of this Ellipſis is to the Diameter of the Earth's Orbit as 75 4 to 
1, the mean Diurnal Motion of the Comet will be to that of the Earth 
or Sun, as 1 to 75 2, but the mean Motion of the Sun is 59, 8“ per 
Day, therefore the mean Diurnal Motion of the Comet o O 47" and 
putting the Radius = 1, the Length of the Arch of © 47" will be 
0,000227843, which will be as the mean Diurnal Motion of the 
Comet at the Extremity H of the leſſer Axis, and has the ſame Ratio 
tothe Circumference of the Circle as one Day has to the periodical 
Time, and as the Elliptic Area which the Comet deſcribes in one 
On by a Ray drawn to the Sun, has to the Area of the whole 

Ilipfis. PR | 

Mates this ſmall Arch 0,000227843 may be very commodi- 
ouſly uſed for the Meaſure of the mean Motion of the Comet; and 
therefore its Logarithm 6.3 57636, added to the Logarithm of the given 
Time from the 'Perihelion, gives the Logarithm of the mean Motion 


of the Comet for the given Time, which mean Motion being com- 


pared with the Numbers of the ſecond Column in the Table, you 
will thence find the true Anomaly in the 4th Column for the Time 
propoſed. & Þ | « 
f 7 in the 6th Column the Doctor has given the Logarithms of the 
Ratio of the Perihelion Diſtance PS to all other Diſtances 8 B within 
- the Compaſs of the Table; and conſequently having the Logarithm 
of the Ratio of the Diſtance, you have the Diſtance itſelf 8 B for 
the given Time, as will be ſhewa in its proper Place. — 
| | | ABLE 


1 .. : 
14 Table of the Mean Motion, Anotnaly, and Diſtance from the Sun, 
1 computed for the ELt1pTIC OrziT of the Comet, 1682. 
2 Mean Motion Differ- | Angle from , = 
ek ae te . br, a, Mg: A. 
eric. : _ 
— Bats — — — — — cc _ © | ＋— 
2 wt LET. _— 2 | 
oO © 0,00000000 © ©. © 0,000000| 
— — 1283 — — 1 78 
0 1210, 0011383 11287] 1 33 12 : 33 12 0,000078 ; 
| 24|0,00022770 ow - 3 6 23|, 33 8 o, oo03 14 236 
30ſ/ , 00341661328 4 39 29/1 33 1, % 397 
| 48 | 0,0004 5574 an 6 12 30 33 o, 01254 548 
wht o, ooo 56998 4 4 7 45 21 1 32 51 o, oo 1958 704 
„r 
5 443 9 WW 
24, 00079913 11478 10 50 34 32 76 o, oo3 830 1013 
360, ooo9 1411 . 12 22 50 32 y + 0,004994 116 
48] 0,00102943|, 532113 54 30 41 *10,006311|'3,7 
2 6,00 1145110189815 26 33] 31 43/0, 0778 1467 
TRA" TIN 11609 : An 1618 
120, oo 126120 1 57 55 o, oog 396 
24| 000137775 N 18 28 597 20 F[0,011156 _ 
36]0,00149479] 4119 59 39], 184 o, 13054]. | 
48 „016123771875 22 29 5311 3 4 , 15115 2051 
3 O O, 00173052 22 59 40 9 47 o, 0 17307 "guy 
— oo 11877| — 1 29 20|————--[2332 
| 12|0,00184929 124 29 ©| o, 1963 
36 | 0,0020888 5 12087 27 26 97 2 0,023708 2603 
48 o, oo 12164 28 53 551 27 1 744102885 
4 0]9,00233135 3 30 21 9g 1 o, 30303 a 
— — ae 12248 | — oy 1 26 37 —— 2989 
12 | 0,00245303} 31 47 4 0,033292| 
24 |0,00257715| 2332133 13 4 25 43 |0,036403 3233 
36 |0,00270139| 7 *134 39 Hr 5 *415,039636} 5733 
48 | 0,00282658 122-2136 35 * +5 0,042987 | 335! 
5 0|0,00295274 37 28 4 „ 04645 345 
eee eee 
, | „050025 
24 0,00320820 have 14 13 [I = 44 0.053775 3686 
| 36 0,00333758 12875 41 36 1 1 21 16 0,057 50> {3993 
| 48]0,00346809 13172 42 57 30. * o, 6 1405 397 
6 O [0,003 59991 44 18 31 _ 312585 054 400 [2995 


F 


BAY 7” 442! ©". PREP 
A Table of the Mean Motion, Anomaly, and Diſtance from the Sun, 
comp uted for the ELL1PT1c ORBIT of the Comet, 1682, concluded, 
— | n 
ly of The Mean Motion off Diffe- Angle from | Logarithm of | Diffe- 
| Eccen- the Comet. | rence. che Perihelion. | Differenee. | Diſtance from | rence. | 
tric, 5 | h * the Sun. 
. 2 e e, e r it 
| 6 oſo, oo 5998 44 18 3 Jo, o6 5400 
12 0,00373276 T2 45 37 $T LEY 0,069493 * 
ö a 911 3422172 92 1 19 3] * 41 
4 0,00386698 13553 o 56 54| 1 18 18 o, 73676 4270 
36 0,0040025 111 2689/4% 15 10 1 17 31 9887755 4363 
| 42] 2204139421 3829/49 32 41/1 16 430873754447 
[7 © 0,00427769 4m 50 49 24| Ah 0,086762 et 
12|0,0044174 1] 52 5 20| , ,. 8,0912926 6 
4120 5 460 
2 ze raul 1427213 75 4801 14 20/0995 8de 468 
18 Kg 4 9h 14427 » 73 = 1 30 8 4753 
8 'o 0,00 14587 * 14 4901 15 4824 
| N „00499147 14751 57 J 3 111 55 10157 4889 
| 
[ne . 5 75 
7 #4 » 15093 25 : 3 1 3 5014] 
49 853575 1520716; ers 83 5070 
48 0,0055917 15447 43 531 8 41 O,130083 5128 
| 9 0[0,0057402 52340 „13521 1 8 
12 0,0059025 15033 0 27 of ie 140389 7 
1 0,oobobobg/? 5321 i . NY 1 ers 5229 
5 0,00622095|1 09! 4 4 3 9 5276 
18 9063838716215 7 19 . 19.6 pg 5322 
af 6| 0,006 1041068 23 11 438 16 5303 
duvet b 7 Bhd) 16616 ST. 3 57 95101579 7 
| 5 
13 8 1682 560 27 421 3 3 o, 166982 os 
24 o, oo688 156 17037 70 30 45 1 2 17 ig ve 5476 
3012:20705193] 725471 33 2} 1 1 30[ 177990 5 509 
0 NN 174747? 34 321 0 43 978847 5539 
pr 9921 1/3 35 o 5g 5612 8940 5368 
12,00% 5762 1 17929174 35 1100 59 11ſ0, 194514 ＋ 
24, 05550 18 16275 34 22 0 58 240, 200109 5819 
36 fo, oo 2937 12 18399 76 32 46 0 57 41/0, 204728 [2642 
48 [0,008 12111] 1864077 30 27| 0 56 55/0, 21137126620 
2 © [o,00830751 28 27 22| 45212034 5093 
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PART II 


Containing the Proceſs of CoukTARY CALCULATION ; or a 
Solution of all the Problems for finding the Place and 
Diſtance of @ Comet both from the Sun and Earth; the 
Longitude and Latitude of a Comet for any given Time; 
the Magnitude of the Head, Nucleus, and Tail of a 
Comet. The whole erempli ified i in the G omet which will 


next return. 


PROBLEM I. 


To oO the apparent Place of the SUN, and the true Place of the EARTH 
| in the ECL1pTi1c, for . air 15 | 


PRECEPT s of Calculation. 


ROM Table IV. take out the Numbers under the Mean 
Motion of the Sun for the radical and current Near; the 
Month, and Days; the Hour, Minute, Cc. and collect them all 
into one Sum ; this will be the mean Place of the Sun. 
2. Under the Title of Mean Motion of Peribelion, take out the 
Numbers agreeing to the given Time as before, and add them into 
one Sum, which will be the mean Place of the Peribelion. 
3. From the Place of the Sun, ſubduct that of the Peribelion, and 
the Remainder will be the Sun's mean Anomaly. 
4. With this Anomaly enter Table V. and take out the Number 
correſponding thereto ; this is the Equation of the Sun (or properly, 


of the Earth's Orbit. 4 | 
F 2 5. This 


36 The Proceſs of Contrary CALCULATION. 


5. This Equation added to or ſubtracted from the Sun's mean Place 
(as the Table directs) will give the Sun's apparent Place in the 
Ecliptic. 

6. The Part of the Ecliptic een o the Sun's Place, is the true 
Place of the Earth in its Orr. 


. 


Lt it be required to find the true Place of the Sun and Earth for 
Auguſt 30th, 70 4, Anno 1632, Old Style. 


M. Mor of the Sun, M. Mot. of Perihel. 
, | 0 u 
Rad. 1681 — 4 20 34 4 We 3 7 23 30 
Cur. Year 1— 11 29 Fe n Fo 
AER EIS 2936094 2? 
D 2 — 23 2 4 
Hear? — 1 ²yn— 
ee ee eee. 
| — — — ee 
M. Mot. of e 5 19 11.00 ; 
Equat. ſub, — 1 50 23 2 11 46 o M. Anom. 
© Place — TEE Ft 
Add — 6 


Sr 


The Sum is 11 17 20 37 the Vant's true Place. 


| PROBLE M II. 
aun. Diſtance of the Earth from. the Sun far ory Time. 


PRECEPTS. 


1. Find the Sun's mean Anomaly for the given Time, and the 
Place of the Earth, by Prob. I. 

2, With this 3 enter barge VI. and — out the 
rithm correſponding to the Sign * — of the given Anomaly. 

3. If great ExaCtneſs be . — rtional Part of the 
Logarithm for the Minutes muſt be Gd bn by the Rule of Three, 


by taking the Diſtance between the Logarithm of the given Degree 


and that of the next greater, and hon ſay, As 60 is 40 this 22 
3 | ſo 
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fo is the given Number of Minutes to the proportional Part ; which is 
to be added to the firſt Logarithm, and that Sum is the Logarithm 
of the Earth's Diſtance required, 

4. With this Logarithm you enter the common Table of Loga- 
rithms, and the Number which you find againſt the Logarithm 
neareſt to it, is the Diſtance of the Earth in ſuch Parts whereof the 
mean Diſtance contains 1000000, Cc. And if great Exactneſs be 


neceſſary, you muſt work by Proportion as above directed. ; 


1 EXAMPLE. 
It is required to find the Diſtance of the Earth from the Sun, on 
Auguſt 3oth, 7* 42, Anno 1682, O. 8. 


The Sun's mean Anomaly. for that Time is found to be 2+ 11? 
46 7. | | 

1 In Table VI. under 2 Signs on the Top and againſt 119 on the 
Side, is the Logarithm 1, 02495; the Difference beween this and 
that anſwering to the next greater Degree, is 120; then ſay, as 
60: 120;: 46:92 ; which ſubtracted from 1002495, leaves 1.002403 
for the Logarithm of the Earth's true Diſtance. 

In the common Table of Logarithms the neareſt Logarithm to 
this will be found 1.002209; againſt which is the Number 100521 ; 
which ſhews'the Earth's Diſtance is here but little more than the 
mean Diſtance 10000. But to be quite exact you muſt take the pro- 
portional Parts, which will give the Diſtance to a greater Number 


of Places. 


PROBLEM II. 
Having the Perihelion Diſtance of @ Comet, to conſtruct᷑ its Orbit, 


PRECEPTS. 


1. Draw any Right Line AB indefinitely, in which let F V be Fig Iv. 


taken equal to the given Peribelion Diſtance of the Comet. 

2. In the ſame Line take VA equal to VF. i 

3. In the Part V F continued, take a ſufficient Number of Points 
B, B, B, B, &c. about as near to each other as in the Figure. 

4. Thro' theſe Points draw parallel Lines indefinitely, BC, BC, 
BC, Sc. all perpendicular to the Line VF. 

5. Then take the Diſtance A B of each Line from the Point A in 


your Compaſſes, and ſetting one Foot in the Point F, with the _ 
crofs 
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eroſs each parallel Line B C in C, and you will thus obtain the ſe- 
veral Points C, C, C, Cc. in thoſe Lines reſpeCtively. 
6. With an even Hand draw a Curve'thro'all thoſe Points C, C, C, 
Fc. and it will be the Curve of that E which the Comet de- 
ſeribes about the Sun in its Fus F. ſ 
VMB. Only one half of the — is amel dar becauſe it is 
eaſy to underſtand; that by continuing the parallel Lines; the ſame 
Thing is to be done on the other Side 

Note alſo, that if this Curve be firſt drawn upon Paſtboard, the 
Parabola may be eaſily cut out; and by the Edge of that Parabola the 


Comet's Orbit may at any Time be unn pen a clean Paper, with 
a Pencil or Drawimg-Pen. 


Nete, thirdly, that the dotted Line FE which paſſes thro the 
Point F to the Curve, is equal to twice F V, or to FA. 


P R 0 B L E M IV. | 
The, Perihelion, Time, and Diſtance of a Comet being known,to find the 


' "-Placeof a d in in m—_ 5 its trus Anomaly or any given Time. 


t 3.012161 
| 1 79 59 | "Seats. id 
. Multiply the Logarithm of the Perihelion Diſtance by 3- 
24. Divide that Product by 2, (or take the half of it,) which is a 
. to be uſed by and b. 
3. To or from the Time of the Perihelion add, or ſubAtract, the 
given Time, as it may be found neceſſary. 
4. The Sum or Difference let be expreſſed in Days and decimal 
| Parts of a Day, by the Means of Table III. 
5. From the Logarithm of this Number of Days, take the Loga- 
rithm mentioned in Precept 2d, the Remainder is the Logarithm of 
a Number of Days and decimal Parts of a Day, whoſe Number will 
be found in a Table of Logarithms. ' 
6. Let this Number of ben be ſought in Table II. in the firſt 
Co. 
7. Againſt this Number i in-the eum Column is the frue Anomaly 
of the Comet expreſſed, in Degrees, Minutes, and Seconds, which 
ou muſt take out, and make Allowance for the decimal Parts of a 
as uſual. 
9. Laſtly, with the Protraclor ſet this Angle off from the Perihe- 
lion on one Side or other, as the given Time'is before or after that ob 
* 1 5 


— 
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the Perihelion, and the Line drawn will cut the Orbit of the Comes 
in the Point where the Comet is at that Inſtant. | -: 


EXAMPLE. 


Let the Place of the Comet of 1682 be required in its Orbit for Au- 
guſt zoth, 7* 42, equal Time. 


The Logarithm of its Perihelion Det is — 9,7658777 
Which multiply by — — ban 3 
Divide the Product — — — 9.297631 
By — — 2 
This Half is the Logatitiù m — | 9.648815 15 
The Time of the Perihelion is — September 4 729 
The given Time is — — Auguſt 30 7 2 
Which precedes the Perihelion by — 4 2 23 E 


Note, As there wants only 3' of 5 — tis not Saen in | this 
Caſe to conſult the decimal Table for ſo ſmall a Part. 


Therefore from the Logarithm of 5 Days — 0,698970 


Take the above mentioned Logarithm — 9. 0488 I 5 | 
Remains the Logarithm of Days, — 11,224= 1.0 50155 
In Table II. againſt 11 Days in the firſt Column, is, in the ſecond 
Column of true Anomaly | | "35 & ks 
Againſt 12 Days is — 16 29 43 
The Difference is — I 20 29 


tt 


That is 80'Z, then ſay, As 1000: 224: 80% 5: 18. 
Therefore the true Anomaly is} yt 1 1 5 9 32 


Then from the Perihelion S ſet off aich the Protractor the Angle 
PSQ=15* 9, and the Line SQ will cut the Comet's Orbit in the 
Point Q which is the Place of the Comet at the given Time. 


— 


And 
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— in this: Manner wal the Place of the Comet computer] for 


5 Days from the Pefihellen P. to each Node; as you find it in 
_ Print of the du, which I * publiſhed. 


t "A - 
13 = 41 


4 
: 


"PROBLEM v. 


| | Hevin ven use Anomaly Nea Corker,' E tbe Place in its Orbit, 
_ "VE o fend g eee e 


5 


8 ͤ«ͤ — _ 


PxrECBPT. 


899292 * 


- From *. Logarithm of the Perihelion Diſtance in Table I. ſubduct 
the double — of the Coſine of half the given Anomaly; 
N will remain the oh — of — required. 


— 


VR 85 I 
maar” be required to find the Diſtance of the Comet, 1 682, from the 
Sun at ite Deſtanding a. the Anomaly PS g being 77 36. 


The half of 71 36 18 350 48 ; the Complement of that is 54* 12, and 
, its Sine ³—!.Z˙ — 9.909055 


—— — ——  _——— 


vicar IRR And the Double thereof i is — 9.818110 


8288 * 


EXAMPLE I. 


Then from the Logarithm of the Perihelion Diſtance—— 9.76 5877 
w. om the Login of th e 9.818110 


Rejnain the Logarithm of the Diſtatice — 0,8867=9. 947767 


4 
That is the Diſtance of the Comet 8 & at its deſcending Node a is 
1 $867 ſuch Parts, whereof the Diſtance of the Earth SB contains 
| : 10000. 


| 3 a the Comet's - be goꝰ, or a Ri t Angle, then the 
= | Diſtance of the Comet is juſt twice the Perihelion Diſtance. See 
Note zd of Prob, ** 5 


ExAMPLB 
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EK AMD LE u. | | 
The Anomaly of the Comet 1682, being 149 g's preceding the 
Perihelion, required the Diſtance from the dun. ; 
Half the given Anomaly is, 7* 34+ or 79 35, the Complement of 
which is, 829 25, 


The Logarithm of! its Sine Fo 95996185 
The Double of which | 9,992370 
The Logarithm of Perihelion Diſtance 9.765877 


The Difference is the Logerichm of o, 35935 = 9,773 50 | 
Therefore making the Angle:-P.S-Q = 159: 9, then will the Di- 
ſtance of the Comet SQ = 5936 of ſuch Parts as the mean Diſtance 
of the Earth contains 40000. 


2 PROBLEM VI. 
To find the perpendiruimr Diſtance of the Comet from the Line of Nodes, 


PRECEPTS. 


1. Prom the Place of the Comet Q let fall the Perpendicalar QN 
on the Line of Nodes & 8. 

2. Then in the Right angled Triangle Q SN, there being known 
$Q = 5936, and the Angle NSQ=PS © +PSQ= 710 36A 
159 94 = 86? 45 T, to find 1 Side Q N; ſay 

As Radius - - ³U— > - - ene 


— r ü- 


ofa To the Sine of QSN = $69 , 45 - = 29,099301 
So is the Side 9 59385 3,7350 


To the side N = -*.-  - -_ 


PROBLEM VII. 


To fon the per pendicuiar Diſtance of the Comet from the Plaue of the 
Ecliptic. 


PRECEPT Ss. 


1. From the Place of the Comet Q, let fall a Perpendicular Q D 
on the Plane of the Ecliptic, and draw ND. 
G 2. Then 
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2. Then in the Right angled Triangle N QD, there being given 
the Diſtance N Q= 5926, and: the angle of. the Inclination of the 
Orbit (by Table I.) QN D = 17% : 30, to find the Side QD, ſay 
s Radius — — — 4 IO, 
+ 10 the Sine of the Angle QND = = 17? 5 9.488424 
So is the Side NQ'=" 5926  - 3, 772808 


To the Side QD = 1825 Th by 1 35261232 


5 PROBLEM VIII. _ 
| 2 55 the Fennec Latitude 7 the Comet. 


FB x 1 
CI 
* . 
22 "x x g*5 '® 
* a 37 4 * 
; . 


en 


In che e Right copied Tr gle QSD, there are given the Sides 
Qs and QP, to find the Angle Qs P, or the Comet's Heliocentric 
Latitude; therefore ſay, _ 

To the Side 8 pe 5936 377350 
te Rad.! 10 

So is the Side - - 2D = 1825 = D 


To che Angle — 28 D154 9,487725 


ay her as PROBLEM IX. 
de 215 Bs find the Gomet's Curtate Dijance from the Sun, 


Ss | „ "mm roogg 


In the Right angled Triangle QS D, there is known the 


angle 28D = Lf 54> and the Vide Q D = 18253 to find the Side 
8 ſay, © 
-- «As the 8 of the Angle 2 D = "7% 54 . Sogrgr 
To Radius-— 
d is the Side —— ep= = 1825 . 


14 „ 


To the Side 


8 D 5650 3. F041 


8 ; . 
een 3. 

; | PR O- 

* a A WW S 1 : | , : ? 8 v2 + $* þ ; ? « - 
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PROBLEM x. 


| To find the Diſtance of the projected Place of the Comet in the Plane 
of the Ecliptic, from the Line of Nodes, 


 PRECEPT. 


In the Right angled Triangle Q N D, there is known the Side 
QD= 182g, and the Angle Q N D = 17? 56, to find the Side 
DN; fay, 

As the Tangent of 2 QN D = 15 56 9,5100 54 

To Radius — — 10 

So is the Side 2 D = 182 3.261232 


To the Side. DN 5639 3.751178 


| PROBLEM XI. 
To find the Heliocentric Place of the Comet in the Ecliptic, 


PRECEPT. 


In the Right angled Triangle SN D, there are known the Sides 
8D and DN, to find the Angle N $ D; then ſay, R 
7 = a 5650 3.752041 

To the Side ND 5639 3,7511178 

So 18 Radius — — — 10 


— — 


To the Sine of the Angle NSD = 869? 23/ - 9.999137 


Y / 
That is in Signs — — 2 26 23 00 
The Deſcending Node is in % 7 21 16 30 
The Sum is — 10 17 39 30 


Therefore the eee Longitude of the Comet in the Eclip- 
tic, or its Place ſeen from the Sun, is in = 17 39! 3o'! 


G2 PR O- 


— = Re - = _ —_— - 
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PRO,B. LEM XI. 
To fd the Geocentric here or Elongation of the Comet from the . 


«Pig fo 3 2 x0 
8 0 - i" 

1. From the Place of the Earth. I. — 131 17 21 30 
SubduQ the Place of the Comet 10 17 39 30 
There ba che Anglk TSB ee 20 3 

2. Then in the Oblique Triangle D $ ST there are knows the Sides 
S T and 8 Di; and the Sum of the % deere and D. to find thoſe 
Angles. Therefore fay, 

As the Sum of the Sides T 8/4 $D = = 157032 wn 5519 5908 | 

Tis to their Diff. TS— SD = 43032 4.633771. 

So is the Tang. of half the Sum TI. 0 | 

of the unknown Angles IT fibn = 75-3 19+573973 


15,207744 


— ͤ — 


Now to the half "EY — — 7, o. 
Add the Half Difference 7 — — | 75 46 12 
| The Sum ie the Angle 2b nn - 121 is 
And their Difference i is the 25 T=" — 28 52 
To which ane Sun's Places 1 . 17” 21 
The Sum is 195 — — — 6 16 13 or the 


Comet ſeen from the Earth will appear in 16: 13 of  - © 
Nowy the obſerved Longitude in the Tabſe is „ 15e 34 42 
which is leſs than the Place here computed by 38“; whereas Dr. 
Hailey's Difference ig but 1, 16“; but from what Tables he made. his 
Cd know not ; for by the Doctor's own Tables I find 
the Error much greater than by thoſe Which I have here given, 
which en all other Occaſions I have found to come neareſt the 


Tr « 2 4 
* 1 P R O- 
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PROBLEM XIII. 
To. nd tbe Geocentric Latitude of the Comet, 


PRECEPTS, 


1. To find the Side T D in the Triangle TDS, fay ; 
As the Sine of the Elongation 8 T D = 28* 52 9683743 


1 tothe fide” 8 5650 3,7 52041 
So is the Sine of the Angle TSD = 29 52 9,097215 
13,449250 


To the Side — — TD= 58279 2765517 


2. Then in the Right angled Triangle T QD, there is known the | 

Side QD and T D to find the Angle QT D. | 

Say, as the Side — — TD= 58279 3.765513 
10. 


is to Radius 3 e 
So is the Side - - QD = 1825 3.261232 
To the Tang. of the Angle QT D = 17 23 9.495719 


The Latitude of the Comet ſeen from the Earth, by Obſervation 
is but 17* 24 50“, according to the Table; therefore the Theory 
agrees with Obſervations. for the Latitude within 2 Minutes. By 
the Doctor's Computation it is within 1 Minute. 


PROBLEM XIV. 
To find the true Diſtance of the Comet from the Earth. 


PRECEPT. 
In the Right angled Triangle T Q D, there are given the Side 
QD and the Angle at T to find the Side T Q. Wherefore ſay, 
As the Sine of the Angle - QT D S1 23! 94753 
Is to the Side — 2D = 1825 3.261232 
So is Radius - — - — - 10 


To the Diſtance ſou gt TQ =6108: 358990 5 
. Sup- 


ab N, Proveſtof Contrary CMevIAT EN. 
Suppoſing therefore the Diſtance of the Sun to be about 80000000 


Miles, then by Analogy, , ay, as 10000: 80000000 :: 6108: 48864000, 


; Ear Number of Miles contain'd in the Comet's Diftance from the 
'Earth, 


PROBLEM. xv. 


Ty fats the Place, « or mean Anomaly, of a Comet in its true Bllipeic Or- 
6 bit, for a given Time. | 


: PaECEPTS 


is de the given Time before or after the Perihelion be expreſs'd 
in decimal Numbers, and find its Logarithm. 

2. Add this Logarithm to the — Logarithm of the Diurnal 
mean Motion 6,3 57636, and the Sum will be the mean Motion of 
the Comet for the given Time. 

3. Seek in the ſecond Column of Tab. VII, the mean Motion 
neareſt the given One; and the Angle from the Perihelion againſt it 
in-the fourt Column. | 

4. Then. by the Difference in the. third Column, find the propor- 
tional Part 7 the Anomaly, which added to the former will give 
the true Anomaly or Place of the Comet in its Orbit. 


EXAMPLE. 


Let the Place of the Comet of the Year 1682, be required i in its El- 
liptic Orbit for 5 Days 13 Hours 4⁰ Minutes before the Perihelion. 


* of Time in Decade is 5, 5694 whoſe Lo- } 0.745817 
to which add the Logacichm — — 6.357636 


The Sum is the Logarithm — — * 7103447 


The Number belonging to which is, 0.001 26896, the mean Mo- 


.* , tion of the Comet for the given Time, againſt 2" 12 of the Ec- 


centric iy the firſt Column. 


From this mean Motion  — — o. 00 126896 
Deduct the next leſs in the Table — o. 00 126120 
."f here will remain — — al 776 


2 : The 


- 23 
- 
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'The Angle from the Perihelion in the Table i is, 16 57 55”, then 
| the Difference of the mean Motion for 2* 12 and 2* 24', is 11055 in 
the third Column. And the Difference of the Angles from the Peri- 
helion is 1* 31“ 4'; wherefore ſay, as 11655: 17 31 4 2: 3761 

6' 35 which added to the tabular Angle 16* 57 55", gives 


17 3' 58" for the true Anomaly of the Comet required, 


N. B. This Anomaly was before found leſs for the parabolic Or- 
bit, (ſee Prob. IV.) but it muſt be remembered, that given Time 
was Auguſt 300: yt 42, which was but 5 Days before the Perihe- 
lion according to Dr. Halley's own Tables; but when the Doctor cal- 
culates this Anomaly for the ſame Time in an Elliptic Orbit, he 
makes this Time 52, and in half a Day there is juſt the Difference 
in the Place of the Comet as is found in theſe two Problems. In- 
deed it is no unuſual Thing for the Doctor's Tables and his Calcu- 
lations to diſagree. 


PROBLEM XVI. 


To find the Diſtance of the Comet from the Sun at any given Time with- 
in the Cm of the Table, for an Elliptis Orbit. 


| PRECEPTS. 
1. Find the mean Anomaly (by the foregoing Problem) for the 


given Time. 

2. Againſt that which is next leſs in the Table, take the Loga- 
rithm. for the Diſtance from the Sun correſponding to it, to which 
find the proportional Parts for the true Ratio. 

Add this to the conſtant Logarithm 9,76 5877 of the Perihe- 
lion Diſtance of this Comet ; and the Sum will be the Logarithm of 
the true Diſtance of the Comet ſrom the Sun. as required for the 
given Time. 


EXAMPLE. 


Required the Diſtance of the Comet of the Year 1682, for 

5 D. 13 h. 400 from the Time of the Perihelion. 

The mean Motion of the Comet for that Space of Time is found 
by the laſt Prob. to be o, oo 126896; the next leſs to this in the 

Table VII. is o, oo 126120, the Difference is 776; and the Diffe- 

rence between the next leſs and next greater is (the ſame 955 
re) 


PS 
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fore) 1165 5, and the Difference of the Logarithms is 1760, in the 
laſt ns: Wherefore: ſay by Analogy ; 
As 41655: 1760::776 : 147; theſe Parts added to the Loga- 


rithm o ,009396 Diſtance from the Sun correſponding to the next 


mean Motion in the Table, gives 9,77 5390 which is the Loga- 


rithm of the Diſtance required, viz. 59620, which ought to ex- 


ceed the Diſtance found by Prob. V. (which was 59360) as this 
Diſtance anſwers to 5 Days, and that to 5 only. 

However if when the Comet | appears, the Elements of its Motion 
be well determined from Obſervation, this Table of Dr. Halley's 
will be found extremely exact, while the Anomaly does not ex- 
ceed 78 Degrees, which is as long as ſuch a Table can be of Uſe. 


And is much more genuine, tho' not ſo general, as that of Mr. de /a 


Caille for the Motion in a Parabola. This Table VII. will ſerve onl 
for the Comet of 1682, which we are now in daily Expectation of; 
for any other Comet, a new Table of Elliptic Motion may be 


_ conſtructed by thoſe who have Leiſure, and will be at the Trouble 
of it. When the Anomaly and Diſtance from the Sun are found, 


every Thing elſe is computed as in the foregoing Problems, 


PROBL E M XVII. 
To find the Length of the Comet's Tail. 


PRECEPTSs. 
1. Let * be the Place of the Comet when an Obſervation was 


made of the Angle QT L under which the Tail QL was ſeen 


at the Earth T. 
2. Produce SQ till it meets with TM produced in M ; ; then 
will the Angle TQM—QTS-+TS Q, both which are known 


from the Theory, but the Angle QT'M is known by Obſervation ; 


therefore the Angle M is alſo known. 
3- The Angle L QM by which the Tail deviates from the Op- 


; Poſition of the Sun, is SA by Obſervation ; therefore the An- 
gle QLM is known, and alſo the Angle QL T, and the Angle 
LQ. 


© Therdfors in the Triangle QL T, there are known the two 


5 Angles at Land Q, and the Sie TQ to find the Side LQ which 
is the Length of the Tail required. 


Note, having found the Side T L the Width or Diameter of 


the Tail at L is alſo eaſily found. 


Mr. 
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Mr. Flamfed has left us no proper Obſervation of the Angle 
which the Tail of the Comet ſubtended an the zoth of Aug, 
nor could he, by Reafon of the Light of the Moon, as we find in 
the Hiftoria Cwleftis, Therefore we can't illuſtrate this Problem 
by Example for that Day, as we have done in all the others. But 
if the curious Reader will calculate the Place of the Comet, and its 
Diſtance from the Earth (by the foregoing Problems) for Auguſt 22, 
at eight at Night, he might find the Length of the Tail then, as it 
ſubtended at that Time an Angle of ten Degrees. 


PROBLEM XVII. 
To find the Magnitude of the Atmoſphere, and Nucleus of the Comet. 


PRECEPTS. 


For this Purpoſe the Angle which the Head of the Comet ſub- 
tends-at the Earth muſt be carefully meaſured with a Micrometer ; 
this was done by Mr. Flamſted for the preſent Comet on Au- 
guſt 2oth, at g o'Clock, when he found it juſt two Minutes of a 
Degree, and the Nucleus about 12. The Diſtance of the Co- 
met ſrom the Earth was leſs than T Q on the 3oth in Proportion 

of 7 to 10, or 725 to 1000. Therefore as a 1000: 725: : 120 88˙ 
hence the Comet Q at the Diſtance T Q would ſubtend an Angle 
only of 1 28"; wherefore ſay, 


As Radius — — — 10 
| To the Sine o  — ? — 128 8_-. 6, 604206 
So is the Diſtance —— TQ 6108 3.785905 
To the Diameter of the Head = 2,4552 , 390111 


To reduce which to Miles ſay, as 10,000 : 80000000 : : 2,45 53 
1964.2,4 ; That is, the Diameter of the Head is 19 thouſand 6 bun- 
dred and 42+ Miles nearly; therefore we may judge the Head of 
this Comet to be about 15 Times as big as the Earth. 

The Diameter of the Nucleus is about n of that of the Head, vis. 
19647 Miles, which is nearly equal to that of the Moon. 


SCHOLIUM. 


But from hence it is certain there is a great Difference in the Mag- 
nitude of Comets; for by the ſame Proceſs of Calculation, I com- 


puted the Magnitude of the Comet of the Year 1683, which Hevelius 
H + obſerved 


7 The Proceſs 'of ( Comix TARY CALCULATION, Se. 
obſerved on Augu/i 6th, and meaſuring it, found it ſubtended an An- 


| gle of 6 5, including the Coma. At that Time the Diſtance of the 


Earth from the Comet qvas - £870,6 therefore by this Problem the 


Comets Head will be Wund 83 104 Miles in Diameter, which 


is more than ten Times as great as the Diameter of the Earth, whence 


it appears, the whole Bulk of that Comet's Head was much more 
than 1000 Times as big as our Earth. And the Nucleus or ſolid 


Body of the Comet at leaſt as big as that of the Globe of the Earth 
itſelf. And it is to be hoped that for the future, the Students in 
Aſtronomy will never let a Comet paſs without meaſuring its appa- 
rent Diameter whenever | it can be done with Exactneſs. 


8 1 ” 
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De Merbod of delineating the Vis1sLs Pata of a Comet 
among the Stars, on the Surface of the CELESTIAL GLOBE; 
and alſo to draw its real Trajectory by Protra&tion and 
Calculation; with a Computation of the prodigious Ve- 
locity of the Comet of 1680, and of its Tail. 


H E Method of drawing on a Globe the Tract of a Comet, or 
its apparent Path amongſt the Stars in the Heavens, is both 


eaſy and pleaſant ; as you will this Way be able to foreſee and ſhew 
what Courſe the Comet will take-during the Time of its Appearance, 
and conſequently in what Part of the Heavens it may be expected at 

any Time aſſigned. 
In order to this it will be neceſſary to make three Obſervations on 
the Place of a Comet at its firſt Appearance pretty exactly, at the 
Diſtance of a Day or two from each other, ag the Weather, Fc. will 
ermit, The practical Method moſtly uſed for this Purpoſe is, to 
ſtretch a Thread over the Comet, and to move it this way and that 
till it lies over the Comet and two known fixed Stars; and after this, 
moving the Thread into another Poſition, ſo as it may bring the 
Comet into a right Line with two other fixed Stars, which will be 
found not very difficult, among ſuch a great Number of Stars. 
Having therefore the : Poſition of the Comet with reſpe& to thefe 
Stars in the Heavens, by finding the ſame Stars on the Surface of the 
Globe, and laying the Quadrant of Altitude over each two reſpec- 
tively, and drawing Lines between them with a Pencil, thoſe Lines 
will interſe& each other in the Place of the Comet in each Obſerva- 
tion, and thus the Places of the Comet may be aſſigned on the Sur- 
face of the Globe for any Number of Obſervations, and” a Circle 
H 2 paſſing 
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9 thro' two or more Places, thus marked on the Globe, will 

e the future Way of the Comet. 

But the beſt Way of finding at once the Place of a Comet on 
the Globe, is by an Azimuth Quauramt, which gives the Altitude and 
Azimuth of the Comet at one Obſervation ; that is, its Height above 
the Horizon and Diſtance from the South or North Points, which 
is all that is required to find the Place of the Comet immediately 
on the Surface of the Globe: For having rectified the Globe to 
the Latitude of the Place, and fix d the Quadrant of Altitude to the 
Zenith on the Meridian, you place it to the Azimuth on the Ho- 
rizon, and at the Degree of Altitude on the Edge of it, is the 
Place of the Comet required. And fo very eaſy and expeditious is 
this Method, that it will not require more than three Minutes, to 
make the Obſervation, and find the Place of the Comet on the 
Globe. | 2908 i | 

When two or three Places of the Comet are thus marked on 
the Globe, a great Circle is to be drawn thro' them, which is 
thus done. Let one of the Poles be raiſed or depreſs'd, and the 
Globe turn'd round, till the Places mark'd coincide with the Ho- 
rizon, or touch it all at the ſame Time, then with a Pencil draw a 
great Circle along the Surface of the Globe by the Horizon, and 
that will be the Path of the Comet required, or its viſible Way in 
the Heavens, ? | 

In the Points where this Circle interſects the Ecliptic, will be the 
Nodes of the Orbit of the Comet; and the Angle contain'd between 
this Circle and the Ecliptic will be the Iuclination of the Comet's Or- 
bit to the Plane of the Ecliptic ; the Quantity of which is readily 
meaſured at the goth Degree from the Node on the Quadrant of 
Altitude fix'd over the Pole of the Ecliptic, and laid on the ſaid 
goth Degree. #2 
After this Manner the Place of the Comet (for every Night it can 
be ſeen) may be repreſented or protracted on the Surface of the 
Globe; and thereby its Longitude, Latitude, Velocity of Motion, and 
other Things relative to it, may be eaſily defined. And the ſame 
Things which are done on the Globe, are to be perform'd on the 
Planiſphere in which the fixed Stars are laid down. | 
But if a (graphical Delineation or Calculation be required, and the 
Method of drawing in Plano that Part of the Comet's Orbit which 
is determined by theſe Obſervations, it may be done with greater 
Exactneſs than on the Globe, and in a more general and extenſive 
Manner, as from the viſible Way on the Globe we can deſcribe ws 
| | | 3 real 
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real Trajectory in the Heavens, at leaſt ſo far as it may be confider's 
as rectilineal, and defined by Obſervations made within ſhort Intervals 


of Time. 

And firſt let us proceed to a trigonometrical Calculation on the 
Surface of the Globe. And with regard to the Comet under Con- 
fideration, ſuppoſe the Place of the Earth at the firſt Appearance 


of the Comet, was at T; on the Point T as a Center and with p 


a Radius equal to that of the Globe (on which the Comet's Orbit 
was drawn) deſcribe the Circle ND V, repreſenting that of the 
Comet's Orbit on the Globe. And let NH X''be the Ecliptic, which 
the Path of the Comet interſects in the Point or Node N; and let 
D and G be two Places found by Obſtrvation ; then through D and G 
draw the Circles of Latitude D H and GL; and alſo the great 
Circle GH. | 

Then in the ſpherical Triangle G HL, right Angled at L, you 
- have given the Side GL (the Latitude of the Comet at G) and 
LH, the Difference of the Longitude of the Places of the Co- 
met at G and D; from whence the Side G H will be known. | 
Again in the Triangle G HD you have all the Sides given; viz. 
GH juſt now found; D H the Latitude of the Comet at D; and 
GD, the obſerved Diftance of the Places, and therefore the Angle 
HDG will be known, and of Coutſe its Complement H D N. 

Laſtly, in the Triangle DN H, there is known, beſides the 
right Angle at H, the Side HD, and the Angle HDN,; there- 
fore the Side HN will be found, viz. the Diſtance of the Point H 
from the Nodes; and the Angle HN P, which meaſures the Incli- 
vation of the Way of the Comet to the Ecliptic. 

But now in Order to a grapbical Delineation of the real Path of 
the Comet, and to find the feveral Places in its Orbit for the Times 
of Obſervation, it will be neceſſary to premiſe the following, 


LEMMA. 
Three right Lines TA, TB, T D, being given in Poſition, 


drawn from the ſame Point and lying in the ſame Plane, from the 


g. VI. 


Point A given in any one of them (as in T A) to draw the right Fig. v. 


Line AC, whoſe Parts AE, EC, intercepted between the ſaid 
right Lines, ſhall have a given Ratio, viz. that of R to 8, or 

fuppoſe 3 to 5. 
From the given Point A draw any how the right Line AB to 
croſs T B in the Point B, and continue it indefinitely. In this Line 
take 
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take B F to A B in the given Ratio of 8 to R, or 3 to 3, (which is 
done by the Sector eaſily ) thro' the Point F draw F 8 parallel to 


BT meeting with T D in C. Then by Reaſon of the ſimilar Tri- 


pig. VI. 


angles A B E, A F C, you have AE : AB: EC:: BF, R. S: 3: 5. 
therefore the Line AC; is divided in E, as required. 

The Angle T AC, and the Length of AC in reſpect of A T 
are alſo. to be found from the above Data by a common Skill in 
Trigonometry.., Therefore to apply this Caſe to Practice, fince T is 
the Place of che Earth in its Orbit, let A, B, and D be three obſerved 
Places of the Comet in its viſible Way thro' the Heavens, put R 
for the Time between the Pe ME AI at A and B, and S for the 
Time between thoſe at B and D; and draw the Line TA, T B, 


T D. And by the foregoing Lemma let the right Line A O be ſo 


drawn thro' A that its Parts A E and E C intercepted between the 
two right Lines T A, T B, and T B, TD, may have the Propor- 
tion of R to 8, or of the Times in which each two Obſervations 
were made: This Line will be nearly the Comets true Path in the 
Syſtem, eſpecially in any conſiderable Diſtance from the Perihe- 
lion P, where a ſmall Portion of a Parabo/a or an Ellj/is, is not 
ſenlbly different from a right Line. 

In ſuch a Caſe alſo the Motion of the Comet is s nearly equable, and 
conſequently the Spaces paſſed thro' are proportional to the Times in 


which they are deſcribed. But A E is to EC as the Time in which 


the Comet is ſeen to move from A to B among the Stars to the Time 


it takes to move from B to D ; and this Ratio can be found in no 


other right Line drawn from A but the Line AO. This therefore 


is very nearly the Comet's Trajectory. 


Spaces A 8 thro' We AP, are as the Times ; but AC and AP 


As the Poſition of the Line A O, or the Angle it makes with A T, 


is known by the above Lemma, if you draw ITP perpendicular to 


AC, the Comet in the Point P will be neareſt the Earth T, which 
Point i is therefore called the Perigæum of the Comet. Produce 1 
to G, and that will be its viſible Place among the Stars on the Globe 


| when it 1s neareſt to the Earth. 


To find the Place of the Comet in its Perigæum, or when it is at 


P; in the right-angled Triangle APT, the Sides A T and Angle 
TAP are known, by which you will find the Sides AP and TP, 


and the Angle ATP, whoſe Meaſure is the Arch AG; wherefore 
the Place of the Comet among the fixed Stars is known when in 


Perigæo. 


The Time of its being there is alſo eaſily found; for ſince the 


are 
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are known in reſpect of AT; alſo the Time of paſſing thro' A C is 
known by Obſervation. Therefore as AC is to AP ſo is the Time 
of paſſing thro' A C to the Time of paſſing AP; and conſequently 
the Time of the Comet's being in P reckoning from the Time of he 
firſt Obſervation in A, is known. 

The viſible Place of a Comet in the Heavens is thus readily aſ- 
ſigned for any given Time from the firſt Obſervation at A ; for in 
the Line 'AO, let AQ be taken to AC as the ire» Interval of 
Time to that between the Obſervations at A and D, and Q will. be 
the Place of the Comet in its Path; and drawing thro! Q the Line 
T V, the Point V will be the viſible Place of the Comet in the Hea- 
vens at the given Time. 

The Velocity of a Body moving equably will be apparently leſs in 
Proportion as it is farther from the Eye; that is, at twice or three 
Times the Diſtance, it will appear te move twice or three Times as 
ſlow. Hence the Velocity of the Comet at A will be to that at E in 
Appearance, as the Diſtance T E to the Diſtance T A; and there- 
fore ſince TP is the ſhorteſt. or neareſt Diſtance from the Earth at T, 
it is plain the Velocity of the Comet will appear to be greateſt of all 
in the Perigæum, and this apparent, Velocity will be eaſily eſtimated 
by the angular Motion of the Comet, or the Arches which it de- 
ſcribes in the Heavens in equa}. Times. Thus let the Space a A be 
equal to CP, they will both he deſcribed by the Comet in equal 
Time, but the apparent Velocities of the Comet will be as the angu- 
lar Motions, that is, as the Angles „T A and DTG, or as the 
Arches „A and D G, which are deſcribed in the ſame Time in the 
Heavens. 

And thus if the Time be found by Obſervation which the Comet 
takes to deſcribe any Part of its Trajectory AQ, and you divide the 
Line AQ into as many Parts as there are Days in that Time, and 
thro' the ſeveral Points of Diviſion you draw Lines from T to the 
Circle Y V, you then have the Velocity of the Comet's Motion ex- 
preſſed in thoſe diurnal Arches of the Circle NV tor every Day of 
its Appearance. 
© And thus for every Day you will find the Comet's Place in its Tra- 
jectory, its viſible Place in the Heavens, its apparent Velocity, its 
Latitude from the Ecliptic, its Longitude from the Node, Cc. and 
that very eaſily either by Protraction or Calculation, founded upon only 
three or four good Obſervations made at the Beginning. In this 


Manner an Ephemeris for the Comet is to be made; and the viſible 
2 ä * Path 
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Path or Courſe of a Comet in the Heavens may be drawn on the Sur 
face of the Cele/tial Globe with pleafure. | 
I I ſhall conclude this Treatife with ſhewing the young student of 
Cometary Phihſophy, how he may eſtimate the real Velocity of Comets 
in their Perihelion, and alſo that of their Fails when their Length is 
known; and exemplify this Matter by an Inſtance of the Comet of 


5 Vear 1680, the moſt wonderful (in this Reſpect as well as in all 


others) of all the Comets in the Syſtem. 

Let S be the Sun; c V 4, the Part of the Comet's Orbit about the 
Sun ; ef, a Part of the Earth's Orbit; and 46 V, an Orbit in which 
we will ſuppoſe a Planet to move about the Sun at the Perihelion 
Diſtance 8 V of the Comet. 

Now becauſe this Comet was obſerved to have the ſame or ſimi- 
lar Appearances with the Comet which appeared in the Year 1106, 
in the Reign of Henry I. and before, in the Year 531, and alfo before 
that, in the 44th Year before Chriſt, ſoon after Julius Ceſar's Death, 
(as recorded by Pliny, and other Hiſtorian ;) there is ſcarce an 

Doubt to be made but it was one and the fame Comet which 
-. ata at thoſe ſeveral Times, and at the Interval of 575 Vears 


© The periodical Time therefore of this Comet being known, the 
tranſverſe Diameter of its elliptic Orbit will be 138296, and the con- 
jugate Diameter 1848 of ſuch Parts as the Diſtance of the Earth from 
the Sun T S contains 1000. | 

The Perihelion S V of the Comet will be but 6 of thoſe Parts; and 
ſince the Sun's Diameter in Perigæo fubtends an Angle of 32', if we 
ſay, As Radius is 1000 ſo is the Sine of 32 to 9,308, that will be 
the Diameter af the Sun expreſſed in the fame Parts; the half of 
which is 4,654, which ſubtracted from 6, leaves 1,346 for the Di- 
ſtance of the Comet from the Body of the Sun ; ; whenee it appears 
how great the Heat muſt be, as we have before mentioned in Sir 

c Newton's Calculation of it, 
Now to compare the Velocity of this Comet with that of the Earth, 


and of the Comet 's Tail at the Diſtance of the Earth. 


ST==D=1o00, the Diſtance of the Earth from the Sun. 
SV==4d=6, the Diſtance of the Planet and Comet. 
v= Ve! of the Earth. 
By DV = Velo of the Planet. 
| | V = Velocity of the Comet in Peribelio. 
W. Velocity of the Tail at + in Earth's Orbit, 


Then 
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Then by the Laws of circular Motion, — v:- :: A4 AD. 
Alſo from the Nature of Motion in a Parabola, V: V:: 2: 


From whence we get this Analogy = - v: V:: AA: A2 
That is, in Numbers b: V:: 1 


he 


Whence it appears, the Velocity of the Comet in Peribelio at V is 

more than 15 Times as great as that of the Earth; but the Velocity of 

the Earth in its Orbit is about 1000 Miles per- Minute, whence the 

Velocity of that-Comet when neareſt the Sun was at the Rate of about 

18200 Miles per Minute. | 

Again, for the Velocity of the extreme Part of the Comet's Tail 
(which was found to exceed the Diſtance of the Earth) we have 


V: W:: d: D:: 6: 1000; therefore = =V =18,2v; and con- 


ſequently 6W=18200v, therefore v: W:: 6: 18200 :: 1: 3042 :: 
1000 : 3042 OOO; that is to ſay, the Velocity of the Comet's Tail at 5 
in the Earth's Orbit is at the Rate of 3 Millions and 42 thouſand 
Miles in a Minute of Time, which is nearly a third Part of the Ve- 
locity of Light itſelf; ſo great as to ſurpaſs not only the moft 
acute Senſation of the Eye, but even the utmoſt Stretch of the hu- 
man Mind. In this one Inſtance we ſee how amazing and income 
rehenfible the Works of Nature are in this one Syſtem of ours. And 
in proportion as we ſee farther into the Scenes of Nature's Operations 
than David did, we have ſo much the more Reaſon to exclaim with 
_ -—_ wonderful are thy Works, O Lord ! in Wiſdom haſt thou made 
em ay, 
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Philoſophical, Optical, and Mathematical Inſtruments, 
MADE AND $OLD 
By B. MARTIN, 


At his Shop, the Sign of the Viſual: Glaſſes and Globe, two Donn below 


Crane-Court, in Fleet-Street. 


Philoſophical Inflruments. Optical Inflruments. 
| * 4 
Tex | . „ 4. A Three-Foot reflefting Teleſcope, 
I ARGE Orrery's from 40 l. to 150 00 moynted on a Braſs-Foor — 18 18 © 
Cometarium 5 $5 © JA Two Foot ditto — 11 11 © 
r s Globes 28 in Diameter Ditto, with Rack Work 14 0 & 
in Mahogany Frames with Ditto, 18 Inches — — 8 8 0 
carv'd Work and ſilver d Ditto, 12 Inches CASTERS. > 55. 5 50 
MloLridianßs — 35 9 0 Ditto, 9 Inches 440 
Ditto, in Wainſcot Frames —— 26 15 Of Ditto, 6 Inches | 3 3 0 
17 Inches, ditto — 6 6 OA Nite; Foot . Teleſcope | 3 13 6 
- 12 Inches, ditto — — 3 30 Six Foot ditto 2 12 6 
9 Inches, ditto | 2 2 ©| Ditto — — . 
3 Inches, ditto in a Caſe— © 10 of Four-Foot ditto, mounted in Brafs 1 11 6 
A large ſtanding Air pump — 13 13 / Ditto, io Horn and Vellum— 1 10 
Apparatus, to ditto 7 70 Ditto, in Parchment — oc 
Davenport's table Air- -pump — 9 9 Three- Foot ditto, mounted in Braſs 1 5 0 
Apparatus, to ditto — — 5 5 0| Dine, in Hom and Vellum— o 15 0 
Single barrel'd Air-pump — 2 12 6 Ditto, in Parchment — 0 10 0 
Apparatus, te ditto — 1 1 ©f Two Foot ditto, mounted in Fraß — 0 16 © 
EleAricat Machine in Braſs, with an Ditto, in Horn andfVellum ' — 0 10 0 
Aer. Box, &c. from by 5¹. | Ditto, in Parchment ? © 6:6 
| | 10 10 0 Twenty-Inches, mounted in Braſs 0 13 6 
A 8 e Pappin's Digeſten—— 4 40 Ditto, in Horn and Vellum— 0 76 
Smaller, ditto — 2 2 ©] Ditto, in Parchm ent. 0 6 & 
Beſt ſort of Barometer 1 7 o Dalond's four Foot refraftors —— 
Farenbeit's 'Thermometer —— 2 3 0|-Ditto three Foot —— 
Pocket Thermometer 12 6 Ditto two Foot ci 
Hydroſtatic Balance, Apparatus, c. 1 15 0 Ditto — 
Four models of Water - Pumpe in Glaſs 8 15 of A large Parlour Compound Microſ- 
Model of a new Portable-pump — 2 2 0 cope, in Braſs 4 40 
Ditto of a new Mercurial- 2 — 3 3 0 Solar Microſcope, im Brass —?— 4 14 6 
Fountain in Glaſe 2 2 0 Wilfon's Microſcope, and Apparatus 2 12 6 
Ditto in Copper with Apparatus — 5 5 o Dito ſmall 1 7.0 
A Syringe, for Injection 3 30 Dr. Liburkin's opake Microſcope, 
Smaller, ditto 2 2 Of aud Apparatus 2 12 6 
Small Braſs Air-pump, with Glaſſes tCleth Microſcopes 
for Cupping | 1 1 0 Diagonal Machines for viewing Prints 1 11 6 
Hydrometer's in Ivory — © 6 % Ditto, on a Mahogany Foot — © 16 0 
Smaller, ditto 0 46]A large Book Camera Obſcura — 6 60 
We Speaking Trumpets, from 10s. 6d. to 1 11 6 Ditto, common ſort 2 12 6 
_- Hearing Trumpets — — 1 1 o Scioptric Ball and Socket, io Braſs 0 12 6 
„ deen from 3:61 — 1 ol Scioptric 


Ditto, ſmaller 
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Scloptric Ball and Socket, in Wood 
An artificial Eye in Bi aſs 


* 


Ditto Small — 
Opera Glaſſes, from 5, fo — 
Magic Lanthorn — 


Mirror's Convex or Concave 24 


Inches Diameter, hung in frames 
Ditto, 18 Inches — 
Ditto, 15 Inches 
Ditto, 12 Inches —— 
Ditto, 10 Inches — 
Ditto, 8 Inches — 
Ditto, 7 Inches 
Ditto, 6 Inches — 
Priſms, from $5: to — 


Reading Gl from 25 6d. to — 


Mathematical Inflruments, 


Theodolites, from 5/. 5s 
Plain Table 
Gunter's Chain 
Hadley's Quadrant, with Diagonal 
Diviſions... —— 
Ditto, with a Nonius Ivory Limb 
Ditto, 18 Inches all in Braſs 
Ditto, 12 Inches 
Davis's Quadrant 
Sutton's Quadrant 
Caſes of Inſtruments for Drawing in 
Wood, Braſs, Ivory or Silver, trom 
tos. 6d. to 
Proportional Compaſſes 


— — 


Horizontal Dials, from 10s. 6d. to 
Azimuth Compaſſes b 
Common Sea Compaſſes 
Pocket Compaſſes from 5s. to — 
Ring Dials, from 107 64. to — 
Protractors, from 25. 64. to —— 
Parallel Rulers, Gauging Rods, Gun- 
ter's Scales, and all other kinds 
of Rulers at the uſual Prices. „ 
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Inſtruments invented or improv'd, 


by Mr. B. Martin. 


A new manual Orrery 
Planetarium ſhewing the Phæno- 
mena of the Ptolemaic and Co- 
pernican Syſtem, from 5/. 5. to 


2 12 ol 


* -FSolar 


Lunarium 
Ditto, For Jupiter's Moons 
A new Portable Air-Pump 
Ditto, ſmaller — 
Barometer, Thermometer, and Hy- 
drometer, all in one Frame 
Ditto | 
Hydroſtatic Balance, from 1 25. 64. to 
Eng. Dogen, or Money Stilyard 
A new and moſt accurate Hydro- 
meter 
A refleQting Teleſeope, Microſcope, 
and Megalaſcope, all in one Sha- 
green Caſe — | 
"A new univerſal. compound Microſ- 
cope, all-in Braſs, Shagreon Caſe 
A Pocket Compound Microſcope 
Ditto, plain 
icroſcope in Braſs and Wood 
Megalaſcope for magnifying large 
djects — 
A Pocket Perſpective, for viewing 
Prints 
A new Proportional Camera Ob- 


— 
— — 
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Ditto, in ſpotted Fifh-ſkin and Braſs 


ſcura, with a Solar Microſcope 
Opera Glaſſes of a new and cemmo- 
dious form 
A new Aſtronomical Azimuth Qua- 
drant, all in Braſs: ,. 
Ditto, in Wood  * 
A new Horizontal Dial for all Lati- 
tudes, from 50 to 60 Degrees 
Ditto, with Agate Needle and Azi- 
| math Circle — 
A new Protractor, with Nonius's Di- 
viſions 
A Portable Optical Apparatus, con- 
ſiſting of a Scioptric Ball and 
Socket, a Solar Mieroſcope, Wil- 
ſon's Microſcope, a Pocket com- 
rome Microſcope, a Pocket Te- 
eſcope and Solar Teleſcope 


— — 


Ditto, of a large ſize and plain 
Ditto, large in Braſs, and true Shagreen 
Viſual Glaſſes or Spectacles of a new 
Conſtruction 

Beſt ſort in Temple frames 
Noſe Ditto 
Ditto with the beſt Pebbles, in Tem- 


22 10 


— — 


ple frames 


N. B. Very good Allowance will be made to Merchants and others 
| who ſell again, as he deals for ready Money. 


ö mee may be had the following VI E WS. 


1 x. I YnroPsrs SCIENTIZ CzLEsT15, or the Knowledge of the Heavens and Earth - 
e Tiſplay'd, in a large Delineation and Explanation, (1) Of the Solar Syſtem, 
) The Theory of the Earth, (3) Aſtronomical Circles, (4) Chronological 
_—_” © Tables, (5) Aſtronomical Tables, (6) Of Solar and Lunar Eclipſes, Price 33. 


_— 5 | 3. The Wanders of the COmETARY WorLD diſplay'd in Five new Views of the Solar 
ER © Syſtem, in which the moſt remarkable Appearances and Particulars relating to 
Comets are explai'd, in the moſt Natural and evident manner. Price 28. 6d. 


_—— 1 2 2 8 
. A View of the Solar Syfem with the Elevation of the Orbit of the Comet which will 
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ol . next return, repreſenting all its Appearances for any Part of the Year when it 
ET tfhall beſcen. Piice-a5. 6d. | 


rave of 17 Tranfits of the Planet Venus, over the Face of the Sun, vis. from 
EEE © * the Year 918 to 2117 incluſive, and Particularly that which next happens in the 


Fear 1767, by which the Parallax and Diftance of the Sun will be nicely deter- 
mim d, and the Dimenſions of the Solar Syſtem accurately aſcertain d. 
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